GLOBAL WARMING: ARE WE WAKING UP 15 YEARS TOO LATE? 
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The Ford Probe 
Bob Glidden. E» 


T of nine-time NHRA World Champion, 
usive tires: Goodyear racing Eagles. 


The 1989 turbocharged Ford Probe GT. Exclusive tires: 
Goodyear Eagle VR "Gatorback” street radials. 
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All performance tires are not the same. 
Hence the fact both of these Ford Probes 
come on Goodyear Eagles. Exclusively. 

As both Bob 
Glidden and the 
engineers at Ford 


know, there really is 


a difference in per- 


formance tires. A Goodyear Eagle 

“contact patch.” Where 

an Eagle demonstrates 
its superiority. 


It is a difference 
that ultimately shows 
itself in the “contact patches” of your tires, 
where your car meets, grips and responds 
to the road. Or, to the track. 

Which explains why Goodyear racing 
Eagles are the exclusive tires chosen by 
Bob Glidden to maximize the incredible 
acceleration (0-190 mph in 7.25 seconds) of 
his record-setting Pro Stock Ford Probe GT. 

And why Goodyear Eagle “Gatorback” V 
speed-rated street radials are the exclusive 
tires chosen by Ford to maximize the over- 
all performance of the Probe GT. 

In fact, more Championship-winning 
drivers choose Goodyear racing Eagles, and 
more performance car manufacturers 
choose Goodyear Eagle street radials, than 
any other make of tires. 

Because Goodyear makes better high- 
performance tires. For the track. For the 
street. For virtually every performance car. 

Including, in all likelihood, your own. 
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Playing dice 
with climate 


For more than 15 years clima- 
tologists have issued ur- 
gent warnings regarding 
Earth’s changing climate. 
The problem: Mankind is ac- 
celerating the greenhouse 
effect. The result: global warm- 
ing. Part I of this three-part series 
asks the experts to examine man’s 
role in this worldwide environ- 
mental threat and to assess the 


nature of it. Page 51 
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Technology 
comes home 


Sound-proof wood floors; exteriors 
with the look of stucco without its 
inherent problems. These innova- 
tive materials and more are pre- 
sented in a collection of new home- 
improvement products. Page 63 


Tri-hull ship 


This 104-foot prototype vessel 
sports a semi-submerged main 
hull, twin outer hulls, and a 17-foot 
bulbous bow. Its technologically 
advanced design may revolutionize 
the ship-building industry. Page 60 


Turbo to go 


The variable-nozzle turbocharger 
fitted to the 1989 Shelby CSX gears 
up against three other engines to 
see which responds quickest to the 
gas pedal. Page 28 
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Commute City/Shppg/ Wilderness. New. 


Its good to find something that rewards 
your investment as handsomely as the new 
Montero. 

Consider it just as a 4x4: automatic-locking 
hubs, 4-wheel drive, and a 3.0-liter, 143 hp, V-6 
powerplant are all standard. They let Montero 
take you out where the Grt Vus are 

In comfort. “Off-road, the Montero handled 
the rough with grace,” reported Motor Trend, 
“courtesy of its independent suspension with 
unequal-length A-arms, torsion bars, and anti- 
roll bar in front and solid axle with coil springs 
in back." 

But there's no sense in achieving such 
comfort and control off-road, only to feel sorely 
out of place on the highway, So the Montero's 
sophisticated suspension system is designed 


to be smooth-riding on the paved roads. 

Add the fact that the 4-door Montero provides 
nearly a third more interior cargo space than 
Jeep Cherokee or Isuzu Trooper Il, and you'll 
see why Motor Trend ultimately chose it Top 
Buy in the Sport/Utility Class for 1989. 

All this, and so Vry Rsnably Pred at only $17,099" 
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Mitsubishi Motors dealer. 
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What’s News 


The greenhouse 


In this issue you'll find an article by 
Science Editor Arthur Fisher on the 
much-talked-about greenhouse effect. 
In subsequent issues, two more epi- 
sodes will follow. The first piece will 
give background on this crucial sub- 
ject you may not have received from 
other sources, and will put into per- 
spective the current state of knowledge 
on global warming. The second will go 
into the scientific evidence: how we 
know what we know, and where the 
evidence is too weak to make firm con- 
clusions. The third and final episode 
will explore the alternatives available 
to us, and assess the importance of 
each and the likelihood of its being 
implemented. 

Ifyou are a regular reader of POPULAR 
Science, you know this is far more 
space than is usually given to a single 
topic. We chose to break with tradition 
in this case for several reasons. First, 
although the situation has been widely 
discussed on radio and television and 
in newspapers and news magazines, we 
believe that the scientific principles 
on which all conclusions are based have 
not been made available except in scien- 
tific journals and at scientific confer- 
ences. And second, the subject is cer- 
tainly one of the most important before 
us. Until society understands the prob- 
lems, including what we know for sure 
and where the areas of uncertainty lie, 
there is little chance that our demo- 
cratic process can arrive at the right 
answers regarding what we can and 
should do. Also, we’re going to have 
to make hard choices affecting our lives. 
Nowhere, for example, does this apply 
more than in the matters of... 


Energy and the greenhouse 


As the article documents in detail, 
there is no longer any serious debate 
on whether global warming has begun. 
The argument is now over what the 
magnitude of the effects will be and 
how fast it all will happen. Those two 
factors will determine the seriousness 
of the situation. 

It’s also widely agreed that the prin- 
cipal cause is that the carbon dioxide 
content of the atmosphere is rising be- 
cause the world is burning ever more 
gas, oil, and coal. A complicating ele- 
ment is the cutting down of huge swaths 
of the world’s forests to meet the needs 


of expanding populations. That’s im- 
portant because plants help the situa- 
tion by removing carbon dioxide from 
the atmosphere and giving off oxygen. 

So what should we do? You know the 
answer. Our energy consumption not 
only continues to rise, but it is rising 
faster than production. We're becoming 
less efficient in using energy at the pre- 
cise moment in the world’s history 
when we should be more efficient. 

That’s particularly sad and foolish 
in view of our recent history. Starting 
in 1973 when we first became aware 
of the energy crisis, this country im- 
proved dramatically the efficiency with 
which we used energy. From 1973 to 
1986, energy use stayed perfectly flat 
while the national output of goods 
and services increased 40 percent. En- 
ergy experts divide the total output of 
the economy in dollars into the total 
energy use in Btu. That gives a criti- 
cal figure: the number of Btu used to 
produce a dollar’s worth of goods or 
services. In 1973 the number was 27 
Btu per dollar. By 1986 it had plunged 
to under 20. 1987 was level, then effi- 
ciency actually went down in 1988. It 
will decrease again in 1989. 

As a result, energy consumption is 
now increasing faster than gross na- 
tional product. In 1977 when President 
Carter made his famous speech urg- 
ing us to make the quest to make sav- 
ing energy “the moral equivalent of 
war,” we imported 8.5 million barrels 
of oil a day. People responded; imports 
fell to 6 million barrels a day by 1981 
and to 4.9 million in 1985. But oil 
prices collapsed in 1986, and oil im- 
portation quickly rose to its present 
level of 8 million barrels a day and 
climbing. 

Reasons are easy to find. With prices 
low, most people aren't willing to spend 
money to increase the efficiency of such 
things as buildings and industrial pro- 
cesses. “People are not worried about 
being more efficient now,” says Daniel 
Yergin, president of Cambridge Energy 
Research Associates. “There isn’t a 
sense of urgency about it either.” 

It’s not as though there wasn’t room 
for improvement. We use twice as much 
energy per capita as the Japanese, for 
example. There are lots of reasons. Our 
houses are larger, and we heat them 
to much higher temperatures. (Many 
Japanese find winter indoor tempera- 
tures in the low-sixties satisfactory.) We 
have comparatively huge refrigerators 

Continued 
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stereo satelite T aN 


Radio Shack's all-new satellite TV system brings». | 
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availablet. The heart of 
the system, the Realistic 
SR-2012 Satellite Receiver, 
has a built-in dish posi- 
tioner, decoders for all three 
satellite stereo formats and 
wireless remote control. It’s 


descrambler ready and Ku-band 
compatible—very easy to expand. 
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What’s NewS continues 


and freezers. We made good progress 
in insulating our houses over the last 
two decades, but they could be better— 
a lot better. 

Improvements in the industrial use 
of energy were significant during that 
period we were reducing our Btu-per- 
dollar figure. But now, with energy 
abundant and relatively cheap again, 
there is far less incentive. 

Finally, over the last decade we've 
decided we don’t want any more nu- 
clear power in this country, despite the 
fact that nuclear power can generate 
electricity without burning fossil fuels, 
and thus does not contribute to global 
warming. I don't want to get diverted 
by the nuclear controversy right now 
—Poputar Science will be tackling 
that soon—except to point out that de- 
ciding against nuclear aggravates the 
global-warming problem. 


Now let’s get personal 


Despite all the foregoing, most of us 
have rekindled our love affair with big, 
fast, powerful cars. Under the impe- 
tus of the energy crisis, new-car mileage 
went from just over 16 mpg in the early 
1970s to nearly 29 in recent years—a 
dramatic improvement. But the impe- 
tus has been lost. The Reagan admin- 
istration, at the urging of much of the 
auto industry, which, of course, was 
simply responding to the demand of its 
customers, cut the mandated Corporate 
Average Fuel Efficiency (CAFE) figures 
from the 27.5 mpg the auto makers 
were supposed to reach by 1985 to 26 
mpg for 1986, ’87, and ’88 with a rise 
to 26.5 in 1989. Now, in response to 
rising concern about the increasing 
threat of a runaway greenhouse, the 
Bush administration has mandated 
that a CAFE standard of 27.5 mpg go 
into effect with 1990 models. 

To date, at least five bills have been 
introduced in Congress to mandate in- 
creasingly severe mileage standards, 
several of which would require CAFE 
to rise to between 40 and 50 mpg by 
the year 2000. Backers point out that 
30 percent of the carbon dioxide pro- 
duced in this country comes from the 
tailpipes of cars, and there’s only one 
way to do anything important about it. 

The auto industry, for the most part, 
remains strongly against any tighten- 
ing of CAFE standards. And there is 
no argument that big changes in the 
standards would be expensive. Design- 
ers and engineers are already working 
on 1994 cars, and big changes would 
mean big bucks. Such a turnabout in 
what amounts to six years would, in 
the words of one Chrysler official, “take 
at least $1.5 billion per car line at a 


time when the economy could be head- 
ing into a recession.” Also, car makers 
are planning to meet what appears to 
be an insatiable demand on the part 
of the public for bigger, more powerful 
cars and engines in the mid-1990s. 
Much of that planning would have to 
be thrown out to meet tougher CAFE 
standards, and the paying customers 
would have to accept the smaller cars 
they’re obviously not keen about. 

There are other methods that could 
be used to get at the problem. One sug- 
gestion made repeatedly is simply to 
increase gasoline taxes significantly. 
That would help ease the towering fed- 
eral deficit, reduce the balance-of-pay- 
ments squeeze, and greatly increase 
the demand for small, high-mileage 
cars. This is the approach that has 
worked in both Europe and Japan, 
where gas prices range around the 
$3-per-gallon area. Thus market forces 
rather than government edicts would 
be harnessed. “If you want to raise 
fuel standards significantly above 27.5 
mpg,” says Chrysler Chairman Lee 
Iacocca, “you need two things. We need 
at least five years of lead time. We are 
finished with the 1991 and 1992 mod- 
els. And we need some consumer pull 
in the form of a gas tax. They’ve got to 
get the consumers to demand those 
types of vehicles just as they do in Eu- 
rope and Japan.” Iacocca points out 
that with gas above $3 a gallon there 
is no need for fuel-economy laws. The 
demand for small cars is strong. 

But while the mechanism is far from 
being set, most observers think some- 
thing is likely to happen soon. “If we 
have another very hot, dry summer and 
the TV, newspapers, and magazines 
start screaming, ‘The greenhouse effect 
is here, somebody do something,’ ” says 
Chrysler President Robert Lutz, “well, 
the somebody will be Congress, and 
they will increase CAFE.” 

To car owners and drivers—and that 
includes practically all of us in this 
prosperous country—none of the alter- 
natives offers a pleasant prospect. “I 
like to drive fast and have a high- 
powered car,” said Lodwrick M. Cook, 
chairman of ARCO. “But it’s bad pub- 
lic policy.” 

He's right. While it is undeniably 
fun to drive fast cars, we also have to 
live on this planet. We’ll all be facing 
some hard choices in the coming years 
and decades. 
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Science Newsfront 


By ARTHUR FISHER 


Buffeted by conflicting reports on their 
cold-fusion claims, these three scientists 
are continuing to experiment with elec- 


Fusion fizzle? 


“May you live in interesting times” is 
an old Chinese curse, not a benedic- 
tion; such times are generally not tran- 
quil ones. Recent months certainly 
have not been easy for the individuals 
pictured above, nor for the thousands 
of other scientists trying to replicate 
their experiments. The objective is cold 
fusion—nuclear fusion at room tem- 
perature rather than at many millions 
of degrees. (See Furor Over Fusion, 
“SNF,” June.) 

From left to right, the three men are 
Stanley Pons of the University of Utah 
in Salt Lake City; his collaborator, 
Martin Fleischmann of the University 
of Southampton, England; and Steven 
Jones of Brigham Young University in 
Provo, Utah. Both groups claim to have 
observed cold fusion of deuterons in a 
palladium electrode immersed in heavy 
water undergoing electrolysis, as de- 
scribed in June's column. (Deuterium 
is a heavy isotope of hydrogen; heavy 
water is deuterium oxide.) 

But it is essential to remember that 
the similarity stops there. Pons and 
Fleischmann report the generation of 
excess heat far beyond energy break- 
even—as much as 5,000 percent in 


trolytic cells containing palladium elec- 
trodes. They are Stanley Pons of the 
University of Utah, left; Martin Fleisch- 


one trial. They say their work portends 
a new era of abundant, non-polluting 
power that will free the world from de- 
pendence on fossil fuels. At an April 
26 hearing before the House Commit- 
tee on Science, Space and Technology, 
University of Utah President Chase N. 
Peterson asked for federal funding of 
$25 million for this research. 

Jones, however, reports an energy 
output, in the form of neutrons, about 
a trillion times less than the Univer- 
sity of Utah team. At the same Con- 
gressional hearing, Jones maintained 
that “cold fusion does not offer a short- 
cut to fusion energy.” 

Just what are the prospects for cold 
fusion as a practical source of energy? 
They’re a lot colder than when the 
Pons-Fleischmann announcement first 
stunned the scientific world. The ini- 
tial skepticism first generated on pure- 
ly theoretical grounds has escalated 
drastically as most—though not all— 
experimenters failed to duplicate the 
Utah results. And the ongoing debate 
has turned nasty to a degree unsurpris- 
ing to those familiar with past exam- 
ples of scientific internecine warfare. 

Some of the interdisciplinary snip- 
ing began at a Dallas meeting of the 
American Chemical Society on April 


ton, England, center; and Steven Jones 
of Brigham Young University. 


12, when 7,000 chemists trooped into 
a sports arena to hear a special ses- 
sion on cold fusion, a session that cast 
the Pons-Fleischmann results in a rosy 
light. In his introduction, Clayton F. 
Callis, president of the ACS, said it was 
about time chemists, and not just phys- 
icists, were getting the spotlight atten- 
dant on a breakthrough discovery—an 
obvious allusion to the excitement over 
high-temperature superconductors two 
years before. The audience of chemists 
roared and clapped their approval. 

That was probably the high-water 
mark for the Salt Lake work. In the 
first frantic weeks following the ini- 
tial Pons-Fleischmann press confer- 
ence, with everyone from graduate 
students to heads of departments los- 
ing sleep in an effort to join the fusion 
bandwagon, there had been a flurry of 
tantalizing reports of confirmation, 
most somewhat tentative. They came 
from such stalwarts as Texas A&M, 
Georgia Tech (but the Wrecks quickly 
retracted their results because of a be- 
latedly discovered instrument error), 
and Stanford University. In no case was 
there a definitive claim that fusion was 
taking place in the electrolytic cells, 
just something anomalous, whether ex- 
cess heat or neutrons. 
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Then, on May 1, came a heavy del- 
uge of cold water. The American Phys- 
ical Society held its own special session 
on cold fusion in Baltimore, and a pro- 
cession of physicists trashed the Pons- 
Fleischmann results on a variety of 
grounds. The speakers included rep- 
resentatives of such heavy hitters as 
Lawrence Berkeley Laboratory, MIT, 
Brookhaven National Laboratory, Oak 
Ridge National Laboratory, Rochester 
University, and Yale University. 

Probably the most damaging assault 
came from a California Institute of 
Technology team. Physicist Steven E. 
Koonin said, “Our theoretical studies 
indicate that the Brigham Young Uni- 
versity results are quite improbable, 
but perhaps not impossible. However, 
we know of no way of accounting for 
the University of Utah results....The 
experiment is wrong.” And lamenting 
the thousands of hours of time and 
some million dollars of research money 
that had been poured into the effort to 
replicate the Salt Lake work, Koonin 
said, “We are suffering from the incom- 
petence and perhaps the delusions of 
professors Pons and Fleischmann.” 

And the most unkindest cut of all 
came from Caltech’s Nathan Lewis, not 
a physicist, but a member of the elec- 
trochemical fraternity itself. He dis- 
sected four key observations the Salt 
Lake researchers claimed were sig- 
nals of fusion: the presence of excess 
heat, tritium, helium, and gamma rays. 
After weeks of recording data from doz- 
ens of experiments with highly sophis- 
ticated equipment, he said, Caltech 
researchers were unable to detect any 
of these signals. Moreover, he pointed 
to specific sources of error in the Pons- 
Fleischmann work and other efforts to 
replicate it that could have resulted 
in false results. Poor calorimetry and 
a failure to mix the electrolyte (result- 
ing in hot spots), for example, could 
account for the readings of excess heat. 
And the gamma-ray spectrum obtained 
did not match one that should have 
been produced by fusion neutrons, but 
was rather the signature of radon gas, a 
daughter product of uranium and a na- 
turally occurring element that would 
be unsurprising in a Salt Lake City 
laboratory. Other errors, Lewis said, 
disposed of the occasional reports of he- 
lium and tritium. 

When Yale physicist Moshe Gai was 
asked whether he was ready to issue a 
death warrant for the Pons-Fleisch- 
mann results, he replied, “You have it.” 

Pons and Fleischmann had a chance 
to respond a week later in the presum- 
ably hospitable bosom of a meeting of 
the Electrochemical Society in Los 
Angeles. Indeed, the Society had spe- 


cifically invited contributions to a spe- 
cial session on cold fusion from “re- 
search groups who have verified the 
initial reports”—an unusual limita- 
tion. Furthermore, science journalists, 
originally barred altogether from the 
technical sessions, were forced to fork 
up $205 as a registration fee. 

Despite the fact that Pons and Fleisch- 
mann had promised to present impor- 
tant new experimental results to but- 
tress their remarkable claims, none 
were forthcoming. Instead, they back- 
tracked on some earlier statements, 
conceding that their gamma-ray spec- 
trum was probably wrong because of 
inadequate equipment. 

“I have always been ready,” Fleisch- 
mann said, “to acknowledge that our 
experiments may be faulty. If we turn 
out to be wrong, I'll be the first to ad- 
mit it.” 

Pons and Fleischmann also agreed 
with critics that the most incontrovert- 
ible test of nuclear fusion would be the 
detection of helium-4—formed from 
the merging of two atoms of deuterium 
—inside the palladium electrodes. Fail- 
ure to find this signal, Fleischmann 
said, “would eliminate a very substan- 
tial part” of the basis for their cold fu- 
sion claims. But when representatives 
of MIT and Sandia National Labora- 
tories challenged the Salt Lake team 
to submit tiny samples of the electrodes 
for instant analysis (“We'll get the re- 
port back to you within three days,” 
one said), Pons and Fleischmann de- 
clined on the grounds that they had 


66 
old 
fusion, if it 
exists, has 
turned out to 
be very com- 


plex and most 


elusive” 


arranged for such a test to be done by 
another organization, which they re- 
fused to name. 

Some laboratories, including those 
at Stanford and Texas A&M, reported 
getting anomalously high heat output 
in their experiments, and stoutly de- 
fended the Pons-Fleischmann energy 
claims, although they were unable to 
conclude that cold fusion was actually 
at work. There were also scattered and 
hard-to-confirm reports of excess neu- 
trons—barely above the natural back- 
ground—from elsewhere around the 
world, including North Korea’s Kim Il 
Sung University. These neutron obser- 
vations, even if correct, were a billion 
to a trillion times too small to accord 
with the excess energy reported by 
Pons and Fleischmann. Still, there 
seemed to be enough uncertainty to 
keep scientists busy. 

“I wouldn't continue to carry out 
these experiments if I thought cold 
fusion was absolutely impossible,” 
Charles Barnes, a Caltech nuclear 
physicist, told me at the Los Angeles 
meeting. “There are still things we 
have to try before we can rule it out 
absolutely. It’s very hard to prove a 
negative.” 

As this is being written, the fourth 
in a series of tumultuous meetings on 
cold fusion has just ended, and the “in- 
teresting times” for Pons and Fleisch- 
mann, who were conspicuous by their 
absence, may be over. At the request 
of Energy Secretary Admiral James D. 
Watkins, Los Alamos National Labo- 
ratory convened a three-day interna- 
tional workshop in Santa Fe, N.M., 
May 22 to 25. Siegfried S. Hecker, di- 
rector of the Los Alamos lab, led the 
proceedings by saying that “Cold fu- 
sion, if it exists, has turned out to be 
very complex and most elusive.” 

The outcome for the Pons-Fleisch- 
mann work—and thus for the golden 
prospects of practical room-tempera- 
ture fusion—was negative. The ham- 
mer blow came when John Appleby, 
director of Texas A&M's center for elec- 
trochemistry, reported that no helium 
could be found in palladium electrodes 
that had produced excess heat. The 
painstaking analysis had been carried 
out by the Atomics International Di- 
vision of Rockwell. There were still 
mysteries, including the origin of heat 
some researchers were observing, and 
the appearance of excess tritium in the 
Texas A&M cells. But few of the at- 
tendees believed that cold fusion on the 
Pons-Fleischmann scale was occurring. 

“I personally do not believe that the 
Pons-Fleischmann heat is due to any- 
thing but chemical energies,” said co- 
chairman J. Robert Schrieffer. Schrief- 


Continued 
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AND TOUGH BIG FORD HAS THE 
MOST REPEAT BUYERS OF ANY 


FULL-SIZE PICKUP! 


Americans go with the truck 
leader. For the past 12 years, Ameri- 
cans have chosen tough Ford pickups 
over all others* And they're satisfied 
with their choice — because Ford 
has the highest percentage of repeat 
buyers of any full-size pickup! ** 
Last year Ford’s F-Series pickups 
beat Chevy again by a big margin. 

BIGGER ENGINE, 
MORE TORQUE! 
Ford's pickups offer a bigger stan- 


dard Six — with 10% more 
torque than Chevy. V-8s range 
from most powerful small gas 
V-8 to biggest diesel in any pick- 
up. Only Ford pickups offer four 
multiple-port electronic fuel- 
injected engines. When properly 


Cab, SuperCab and 4-dr. Crew Cab_ | 


equipped, some Fords are rated —with single or dual rear wheels. 
to tow a 12,500-lb. trailer. BIGGER CARGO BOX | 
COMFORT, CAB CHOICE. MORE PAYLOAD. 
Ford offers a complete range Ford gives you a larger, wider, 
of cab choices. There's a Regular deeper pickup box than Chevy. 


am & FT 


p 3 s , jy Buckle up — together we can save lives. 
On many models, Ford carries SPECIFICATIONS BEST-BUILT AMERICAN 
hore maximum payload than ENGINES CABS TRUCKS 8 YEARS RUNNING. 
jomparable Chevys. MS-hp. 4.2 Based on an average of owner- 
AUTOMATIC LOCKING HUBS | Zion reported problems in a series of 
— STANDARD! Be surveys of '81-’88 models designed 


and built in North America. At 
Ford, “Quality is Job 1.” 
Now's the time to buy or lease. 


d on calendar year manufacturers’ 


Now on Ford F-150 4x4s! 
Fords also come with standard 
\quipment the Chevy C/K doesn't. don calendar year manufacturers 
eee like Pao perp Pal stramentation -ilased 8s New Cr And rack Buer 
radio with digital clock, an Study. 


; TRANSFERABLE 

ur gauge package. LISANS EMADE 
| All big Ford pickups have gas- 6/60 WARRANTY. GO WITH THE LEADER 
ressurized shocks standard — Covers you and future owners, K 
br a smoother ride on-road or off. with no transfer cost, on major power- 

ord was first with rear Anti-lock train components for 6 years/60,000 
rakes, aerodynamic styling, miles. Restrictions and deductible 
ind 4x4 Twin Traction Beam apply. Ask your Ford Dealer for a FORD PICKUPS 


independent front suspension. copy of this limited warranty. BUILT FORD TOUGH 
| 


Science Newsfront conna 


Sandia Laboratories’ Particle Beam Fusion Accelerator II makes a key advance in the search for inertial confinem 


s director of the Institute for The- 
al Physics at the University of 


California at Santa Barbara 
The news for Steven Jones was some- 


what more encouraging. The Brigham 
Young University physic aims for 
cold fusion at a level a trillion or so 
times smaller received support from 
three groups: the National Institute of 
Nuclear Physics in Italy; Texas A&N 
and Los Alamos National Laborato: 
itself. All three used palladium or titan- 
ium rods and reported excess neutrons 
at levels consistent with the modest 
BYU results. “Things keep turning up 
roses,” Jones beamed. 

Even these unsensational claims, 
however, were contested by Yale’s 
Moshe Gai. The ultrasensitive appa- 
ratus used in the Yale-Brookhaven col- 
laborative experiments had failed to 
detect any neutrons above background 
level from a carefully constructed du- 
plicate of the BYU cold-fusion cell. 

No major meetings on cold fusion are 
planned until the Electrochemical So- 
ciety meets again in October. 


Particle beam progress 


Speaking of fusion, physicists at San- 
dia National Laboratories in Albuquer- 
que, N.M., have notched another step up 
the ladder toward one of the two con- 
ventional hot-fusion goals: inertial con- 
finement fusion. That method entails 
zapping a fuel pellet containing either 
deuterium or a mixture of deuterium 
and tritium with a ferociously intense 
laser beam or a stream of high-energy 
particles. The idea is that the fuel’s 
own inertia keeps it from dispersing 
until the necessary conditions—con- 
finement time, density, and tempera- 
ture—are reached, and thermonuclear 
ignition occurs. (The other hot-fusion 
method is magnetic confinement, in 
which a hot plasma is constrained in 
some kind of magnetic “bottle.”) 

At Sandia, the giant Particle Beam 
Fusion Accelerator II pictured above 
has generated a proton beam of unprec- 
edented intensity, with 35 times more 
energy carried by the particles than 


| from any other accelerator. The power 


ent fusion. 


density equivalent was 5.4 trillion 
watts per square centimeter. 


Exercise benefits 


A study begun in the late 1950s using 
a pool of more than 3,000 men demon- 
strates that even light physical exer- 
cise has a beneficial effect on health 
in general and affords significant pro- 
tection from heart disease. The results 
of the study appeared in the February 
issue of Circulation, the journal of the | 
American Heart Association | 
How light is light? Walking 10 min- 
utes a day on a level surface at a pace 
of three mph expends a trivial 250 cal- 
ories per week. Yet even that amount, 
compared withasedentary lifestyle, pro- 
tects against death from heart disease 
and other illnesses. Says Martha L. 
Slattery of the University of Utah Med- 
ical School, one of the report’s authors, 
“Any kind of physical activity will prob- 
ably protect against heart disease.” 
Overweight people, however, should 
be wary of stair-climbing. Gs) 
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OUR PREMIUM GIVES YOU MORE MUSCLE 
NO MATTER WHAT SHAPE YOU'RE IN. 


If you want more muscle in your car, forget about your old routine. Pump up to the gasoline 
that eliminates knocks, pings and hesitation while it cleans fuel injectors. Phillips 66 SuperClean 


Premium Unleaded. Performance power from Phillips 66. 
PUMP UP TO SUPERCLEAN' PREMIUM, KEZ 


©MCMLXXXIX Phillips 66 Company SuperClean¢ Unleaded Gasolines is a registered trademark of Phillips 66 Company. 
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Automotive Newsfront 


By DAN McCOSH Detroit Editor with David Scott in France and Brian Nadel in Madison, Conn. 


Chrysler’s first home- 
grown car engine de- 
sign since the corporate 
four-cylinder unit is 
this 3.3-liter V6. A prov- 
en pushrod valve train 
is combined with an 
even firing sequence to 
produce 150 hp at 4,800 
rpm and 185 lb.-ft. of 
torque at 3,600 rpm. 


white line. Its basic 60- 
degree layout, pushrod 
valve actuation, and cast- 
iron block put it solidly in the 

mainstream of contemporary en- 
gine design. The technology is 
aimed at producing low-end torque 
suitable for use with an automatic 
transmission. The torque curve is flat 
as a pool table, and 90 percent of peak 
power is available between 1,600 and 
4,800 rpm, according to Chrysler en- 
gineers. 

The 60-degree architecture offers the 
benefit of even firing, and also fits 
neatly in the transverse-engine- 


Yesterday, today 


With other manufacturers stretching 
the performance envelope, Chrysler 
Corp. seems content to fill the middle 
of the box with its engine designs. Most 
of Chrysler’s 1960s-vintage high-per- 
formance “hemi” engines now are mu- 
seum pieces, and the home-grown cor- 
porate lineup still relies extensively on 
four-cylinder power plants for passen- 
ger cars. 

Up to now, V6 car engines have come 
from abroad: Mitsubishi supplying 
those for Chrysler, Dodge, and Ply- 
mouth, and Renault for the Eagle line. 
Now comes Chrysler’s first all-new car 
engine design since the corporate four- 
cylinder unit that was introduced in 
1981 and today powers 62 percent of 
its products in both standard and tur- 
bocharged form. 

At first glance, the new 3.3-liter V6 
is as middle of the road as a double 


The 1990 Acura Integra is longer, low- 
er, and wider, and contains no carry- 
over parts from the car it replaces. The 


Equal length half-shafts free the In- 
tegra from unwanted torque steer. 
Tripod constant-velocity joints with 
internal splines allow shafts to ex- 
pand and contract to comply with 
front-wheel movements. 
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mounting layout common on front- 
drive cars, which form the lion’s share 
of Chrysler’s product line. Internally, 
the engine has two-valves-per-cylinder 
heads and two squish areas to control 
burn rate, and operates on an 8.9:1com- 
pression ratio with regular unleaded 
gasoline. 

Most striking is the new distributor- 
less ignition system, which picks up 
timing signals from both the crank- 
shaft and camshaft. The engine also 
features multi-port fuel injection—a 
sign the stopgap throttle-body-fuel- 
injection days might be numbered. 
Chrysler engine designers have left 
room to update the engine with over- 
head-cam versions, four-valve-per-cy]- 
inder heads, and turbocharging, plus 
larger displacement units. 

The new Chrysler V6 clearly is the 
starting point of a larger family of en- 
gines to follow. 


Integra grows up 


The 1990 Acura Integra is longer, low- 
er, wider, and more powerful than its 
predecessor, but is not as technologi- 
cally up to date as the model offered 


HERB SHULDINER 


three-door hatchback is shown above; 
a slightly longer four-door notchback 
sedan is also available. 


HALF-SHAFT 


for sale in Japan. Rather than power- 
ing the front-drive car with the 1.6-liter 
four-cylinder engine that employs a 
system of variable-valve timing, Hon- 
da engineers chose to increase the en- 
gine’s displacement to 1.8 liters for the 
American market. Power is up by 10 
percent, but more impressive is the 
fact that the torque curve is fatter, and 
17.5 percent more torque is available 
compared with the old Integra engine. 

The Integra retains equal-length 
half shafts to minimize the effects of 
torque steer—the tendency to turn left 
or right when high power is suddenly 
applied in a front-drive car. Integra’s 
engineers control this by using a tri- 
pod drive-shaft joint (instead of con- 
ventional U-joints), which reduces 
vibration and keeps the angles of the 
constant-velocity joint of each axle the 
same. Although the Integra has more 
wheel travel than the Civic, which 
shares the platform and underpin- 
nings, it suffers from a choppy ride over 
rough road surfaces. With the in- 
creased size and power of the Integra 
comes amore substantial sticker price, 
topping out at $16,675 —a far cry from 
its origins as an inexpensive sporty car. 


Thinking suspension 


The Hydractive suspension on the new 
Citréen XM is the latest attempt by 
the French car maker to produce a 
thinking suspension. The company’s 
traditional gas-over-oil spring arrange- 
ment is combined with an electronic 
brain that automatically varies the 
spring rate and damping according to 
driving style and road conditions. It 
gives the best of both worlds: soft ride 
to isolate road shocks, and firm ride 
for precise handling and high-speed 
performance. Change-over between the 
two spring rates is nearly instanta- 
neous, and determined by the control 


Motorcycles were the test bed for the Sbarro hubless wheel 
design (see inset above). The suspension arm rides on a track 


computer based on the car's speed, 
steering-wheel angle, body roll, rate 
of accelerator pedal movement, and 
brake-circuit pressure. The computer 
compares this information with a per- 
formance map stored in its memory, 
and responds with the spring and 
damper settings best suited to the car’s 
present path. These changes actually 
anticipate the dynamic response of the 
car, such as stiffening the suspension 
as the steering wheel is turned when 
entering a fast bend before the body 
has a chance to roll. All this happens 
without driver intervention, though a 
manual selector will hold the suspen- 
sion in the firm setting if so desired. 


New-tech wheel 


Franco Sbarro’s hubless design may 
look more like a bizarre example of 
modern sculpture than a workable 
wheel, but the use of this revolution- 


ary concept may lead to dramatic reduc- 
tions in weight and enhanced hand- 
ling. Rather than mounting a hub at 
the center of the wheel, the Sbarro 


Citréen’s Hydractive suspen- 
sion uses adjustable springs 
and damping with computer 
control. Input on conditions 
from five sensors (2 to 6) 
goes to the computer (1) that 
controls valves (7) and (8) 
transfers pressurized nitro- 
gen from the master sphere 
(9) to front (10) and rear (11) 
springs. 


hubless design uses a hoop of alumi- 
num as the rim, with a track running 
on the inside. The whole arrangement 
is supported by a lever arm whose end 
rides on the rim’s inner circumference. 
This system is lighter and puts the 
wheel assembly’s weight closer to the 
road, improving handling and braking, 
according to SM Sbarro Mottas Engi- 
neering Ltd. of Geneva, Switzerland. 
The first prototypes were tested on mo- 
torcycles (see photo), but Sbarro claims 
a version of this unique wheel will be 
incorporated on a sleek V12-powered 
high-performance supercar to be built 
in the near future. 


BMW’s new axle 


The main advantage of BMW’s new 
triple-wishbone multi-link-type rear- 
axle assembly is clearing enough room 
for the gas tank on the new 8-Series 
coupe. At least that’s what BMW en- 
gineers claim. But the consensus of the 
auto journalists who drove the new 
setup is that it also stabilizes the car 
in throttle-off cornering, and is far 

Continued 


on the inner circumference of the aluminum rim to cut 
weight, enhance handling, and improve brake ventilation. 
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more predictable at the limit than pre- 
vious BMW semi-trailing-arm designs. 
It’s a major change for BMW, with the 
five-link geometry effectively control- 
ling camber change during power and 
braking torque. 

Along with the new axle, BMW un- 
veiled a surprising prototype of a new 
four-wheel-steering system. Surprising 
because previously BMW has derided 
Japanese car makers for their efforts 
at developing four-wheel steering. 

The BMW setup steers the axle by 
about one degree, and only in a same- 
phase mode to enhance high-speed 
handling. The rear-wheel steering ang- 
le is applied at the inboard end of the 
axle pivot, and is computer-controlled 
to eliminate the on-center “dead” feel 
associated with other four-wheel-steer 
cars. 


Hydrogen power 


One reason for BMW’s continuing re- 
search on alternative fuels is the grow- 
ing strength of the environmental 
movement in West Germany, a politi- 
cal force that gained momentum after 
noticeable deterioration of trees in the 
Black Forest. Of concern to high-per- 


formance car makers is emphasis on | 


excessive fuel consumption, which may 
lead to a speed limit being imposed on 
West Germany's Autobahns and tighter 
restrictions on automotive emissions. 

This new political climate is reviv- 
ing interest in alternate fuels, includ- 
ing hydrogen, which yields only water 
vapor and small amounts of nitrogen 
oxides as combustion byproducts. 
BMW has a 10-year research project 
testing the viability of hydrogen as an 
automotive fuel. A BMW 735i has been 
fitted with a liquid-hydrogen storage 
and delivery system and modified to 
burn the fuel. 

My recent test ride in this vehicle 
was marred by a strong tendency 
for the engine to knock. Com- 
pared with gasoline, hydrogen 
has a low octane rating and con- 
sequently a strong tendency to 
detonate. The design of the fuel- 
delivery system must also take 
into account the tendency of a 
mixture of hydrogen and air to 
explode in areas other than the 
combustion chamber, includ- 
ing the intake manifold. BMW’s 
research car injects liquid hy- 
drogen directly into the com- 
bustion chamber after comple- 
tion of air intake—a system 
designed to avoid potential man- 
ifold explosions. 

Liquefied hydrogen is stored in 
a heavily insulated aluminum 


While not expected for at 
least another year, the 
BMW 8-Series coupe seen 
below employs a new multi- 
link rear suspension (see de- 
tail) that is a major advance 
from its longstanding semi- 
trailing-arm design. Better 
control at the limit of adhe- 
sion and more room for its 
fuel tank are claimed as its 
positive points. 


and fiberglass tank that holds about 
25 gallons. Sensors automatically open 
the windows and trunk if they sniff any 
escaped gas. 

As a fuel, the energy content of hy- 
drogen is low, and even with a centri- 
fugal supercharger the engine has an 
output 30 percent lower than the gaso- 
line-fueled 3.5-liter six-cylinder engine 
standard on the car. The last problem 
is delivery and storage of a fuel sup- 
ply. Because hydrogen liquefies at 
minus 423 degrees F, a self-serve gas 
station would be a bit tricky to engineer. 


Battery Motoren Werke 


A quick drive in BMW’s electric-car ef- 
fort is not an experience in the ulti- 
mate driving machine. The annoying 


In the trunk of a BMW 735i is a heavily insulated 
tank that holds 25 gallons of liquefied hydrogen to 
power the car. Liquid hydrogen is injected into 
the engine to reduce accidental explosions. 


gear noise and weight of the 584-pound 
battery system make for a long, toil- 


ing run from 0 to 30 mph in nine sec- | 


onds or so. Still, it ranks with some of 
the most efficient on-road electric cars 
produced up to this point, thanks to a 
sodium-sulphur battery developed by 
Asea Brown Boveri. 

With about triple the specific energy 
of a conventional lead-acid battery, the 
sodium-sulphur-based power supply at 
least brings the performance within 
tolerable levels—a 60-mph top speed 
and about a 90-mile range. The draw- 
back is that the battery has a normal 


| operating temperature of at least 550 


degrees F—more than twice the tem- 
perature of a steam boiler. If the elec- 
trolyte is allowed to solidify, it takes 4 
to 10 hours to melt with an’ internal 
heating unit plugged into an out- 
side power supply. After that, the 
heat generated by the battery 
keeps it molten unless the car is 
shut down for four days, then it’s 
back to the warm-up stage. 
External electrical compo- 
nents are powered by a normal 
12-volt battery and kept charged 
through a converter from the 
180-volt power supply. Heat is via 
a diesel-fuel-fired boiler circulat- 
ing water through the car's heat- 
ing system, and in the absence 
of engine vacuum, BMW devel- 


servo. A direct-current electric 
motor drives the car’s front 
wheels. 


BMW’s conclusion after test- 
Continued 


oped a special mechanical brake | 
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Highest K And X Band Sensitivity 


VECTOR 5 


Model 976 


l n Road & Track 's recent test of currently 
available radar detectors, BEL VECTOR 3 
rated number one in both K and X band 
sensitivity. Rarely is one radar detector best 
in both K and X bands. In fact, VECTOR 3 
posted the highest K and X band sensi- 
tivity levels ever recorded! The results 
confirm BEL’s performance advantage: 


“..Mector 3 maintains a BEL tradition of 
excellent sensitivity, posting the 
highest figures in this survey for both 

K and X band radar.’ Road & Track, Nov ‘88 


It's now clear. BEL technology offers 
| unmatched performance. And with today’s 
| sophisticated radar equipment, nothing is 
| more important than the best possible 
performance. 


VECTOR 3's performance edge is 
achieved by adapting a technology used in 
military satellite communications. We call it 
Image Rejection Technology®, or IRT®. And 
through its use, VECTOR 3 provides a level 
of sensitivity unequaled by any other radar 
detector manufacturer—a definite advan- 
tage for detecting Instant On or Pulsed 
radar. And when Instant On or Pulsed radar 
is encountered, VECTOR 3 warns you with 
a separate audio alert. 


But outstanding sensitivity isn’t your only 
advantage. VECTOR 3 also detects Ka band 


BEL VECTOR 3 
Radar 
Detector 


radar, now increasing in use throughout 
the U.S. and Canada. And VECTOR 3 also 
effectively reduces false alerts from non- 
police sources without any loss of sensitivity 
to police radar. 


Laboratory Tests* 
Sensitivity, dBmv/em? 
Model X-band K-band 
{BEL Vector 3 17:2’... 115.6) 
Audiovox RX4.......... HORS Ze ra 93.9 
Cincinnati Microwave 
Erotic rei A est 1068 


‘Source: Road & Track, Nov. 
Conducted by Advanced Product Evaluation 
Laboratory, Inc. 


BEL VECTOR 3 is the only unit in this test that also 
detects Ka band radar. 


Road & Track, Nov. 1988 


The IRT® Difference 


A police rad. nal is often buried by 
microwave “noise”, making it invisible to 
ordinary superheterodyne detectors. Image 
Rejection Technology® however, reduces 
this surrounding microwave “‘noise”’ 
making the same police radar signal visible 
for early detection. 


VECTOR 3 with IRT® 
sees the same signal 
clearly by reducing 


How a conventional 
superheterodyne 
radar detector sees a 
police radar signal. 


Performance this complete also includes 
a long list of features that makes driving 
with VECTOR 3 easy and convenient. 


VECTOR 3 is only $279.95 and comes 
with a full one year warranty on parts and 
service. To order your VECTOR 3, or to 
obtain the name of a dealer near you, just 
call toll-free. 


1-800-341-1401 U.S.A. 
1-800-268-3994 Canada 


New European 3 Band radar detectors are now available. Please 
inquire for more information. 
‘Registered trademark of BEL-TRONICS LIMITED 


BEL-TRONICS LIMITED 
The Intelligent Choice 
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ing the research vehicle is not too hope- 
ful for the future of such cars: “The 
BMW electric-drive concept cannot be 
a general alternative to the combus- 
tion engine.” At least they tried. 


Diesel redux 


Volkswagen has reintroduced diesel- 
powered Jettas to America, thus reviv- 
ing a power plant that at one time pow- 
ered more than half the VW Rabbits 
on the road. VW executives cite rising 
fuel prices and a significant number 


A front-drive BMW 3-Series car? Even 
more interesting is that it runs on elec- 
tricity supplied by 90 battery cells, 
weighing 584 pounds. 


of old-diesel owners looking for a re- 
placement as reasons for reviving the 
diesel in America. While interest in 
passenger-car diesel engines has 
waned significantly in recent years, 
diesel installations in full-size pickup 
trucks have been booming, with Chrys- 
ler noting that sales of its new turbo- 
charged diesel have been tripled from 
original expectations. 


This all-electric drive train powers the 
front wheels of this modified 3-Series 
BMW. Top speed is 62 mph and it has 
a range of 90 miles. 


Front-drive smokey 


The fact that the police use rear-drive 
cars powered by V8 engines, at one time 
seemed almost as certain as death and 
taxes. Recently the state of Connecti- 
cut turned that around by purchasing 
turbocharged Mazda MX-6 GT models 
for patrol and pursuit on state high- 
ways. These front-wheel-drive cars will 


SES 
b Sant: 
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augment Connecticut’s aging fleet of 
Mustangs used for pursuing speeders. 
While the MX-6 GT can’t compete with 
the Mustang GT in off-the-line accel- 
eration, it provides better braking, bet- 
ter visibility, and superior all-weather 
traction, and has more-precise han- 
dling, according to Lt. Richard Rizzuti, 
who headed the car-selection project 
for the state police. As a bonus, the 
state expects to cut its fuel bill because 
of the car’s improved fuel economy. 
After several laps on the state’s profi- 
ciency course, the officers chosen to 
drive the first six sport-coupe police 
cars were able to trim about two sec- 
onds off the previous best time, which 
was turned in by a Mustang. 


Alternate finish line 


The 1,100-mile Methanol Marathon 
road rally starting in Warren, Mich., 
and finishing in Washington, D.C., re- 
cently ended with the University of 
Tennessee team taking top honors, All 
15 college entries were given identi- 
cal Chevrolet Corsica LT models de- 
signed to run on a mix of 85 percent 
methanol and 15 percent gasoline, af- 
fectionately known as M-85. The en- 


gineering students had free rein as far 
as modifying the cars to run on M-85, 
which has about half the energy con- 
tent of gas, but a higher octane rat- 
ing. Some of them turbocharged the 
pushrod V6 engine, others tried up- 
ping the compression ratio from the 
stock 8.9:1 to 12.5:1, and at least one 
team tried coating the pistons with 
ceramic material to improve thermal 
efficiency. All told, the group of stu- 
dents achieved a fuel-economy level of 
17.8 mpg for the trip, equivalent to 
32.7 mpg for gasoline. 


Production NS-X 


Honda announced it is building a new 
plant to construct its NS-X sports car, 
a high-performance mid-engine car 
priced somewhere between $50,000 and 
$60,000 that is virtually all aluminum, 
including unit body, suspension com- 
ponents, and engine block [“ANF,” 
May]. It’s the most extensive use of 
aluminum in a production car so far, 
although Honda plans to build only 
about 5,000 cars a year at its Tochigi, 
Japan, facility. 

The reliance on aluminum in the car 
means the remaining iron and steel is 


minimal, although a reader took ex- 
ception to my statement that you could 
hold the iron and steel parts of the 
NS-X in one hand. The probable list 
of ferrous-metal components includes 
the engine’s crankshaft, four cam- 
shafts, and six connecting rods, along 
with brake rotors, gears, and a host of 
other pieces. Granted, the cumbersome 
nature of trying to grasp all these parts 
at once could make this an exercise in 
futility, but using weights from current 
production car parts, the NS-X’s iron 
and steel parts total about 180 out of 
its 2,860-pound curb weight. For the 
record, I went to a gym, piled 180 
pounds on a weight machine, and lifted 
it with one hand. No problem. 


Van in the middle 


Sources at Toyota say the company’s 
next-generation minivan will be a mid- 
engine design, powered by a small 
single-overhead-cam four-cylinder en- 
gine mounted on its side. The van’s 
length will be the same, but with a 
wheelbase stretched by two feet. The 
Toyota insider says the van will be well 
balanced and capable of pulling at least 
0.80 g. Lo] 
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SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. 


17 mg. “tar”, 1.1 mg. nicot 


per cigarette by FTC method.® 
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Electronics Newsfront: 


By WILLIAM J. HAWKINS 


Robert Weisshappel, corporate vice 
president of Motorola’s North Ameri- 
can Cellular Subscriber Division holds 
what appears to be a wallet in his hand 
at a demonstration in Washington, 
D.C. Then he proceeds to unfold the 
tiny container like Captain Kirk’s 
“Star Trek” communicator. “It’s the 
world’s smallest cellular telephone,” 
he says. “You can slide it into your 
pocket or purse.” 

Called the Micro TAC Personal Cel- 
lular, Telephone, the minuscule—5.5 
by 2.4 by 1.6 inches—pocket phone 
weighs just 12.3 ounces, including its 
75-minute (continuous talk time) bat- 
tery. The battery lasts for 20 hours in 
standby when you're waiting for calls 
to come in. 

“We were able to reduce the overall 
size through the design of advanced lin- 
ear and digital ICs,” says Weisshappel. 

Using the Micro TAC is as easy as 
any communicator: Flip the top open, 
speak to answer a call. You make calls 
by dialing the number or by speed di- 
aling any of the 120 user-program- 
mable numbers stored in its memory. 
An LED displays the name and num- 
ber of the person you've selected. 
There's also a call timer to show how 
long you’ve been speaking, an elec- 
tronic lock to prevent unauthorized 
calls, and a “call” message light, which 
I don’t understand. According to Mo- 
torola, the light comes on to show 
that a call has come in “while the 
user was away.” Away from what? 
His shirt? Price: $2,995. 


Video viewer 


Look into CAIVman (com- 
puter, audio, interac- 
tive video manipula- 
tor), and its two 
LCD screens dis- 
play a stereoscop- 
ic interactive vid- 
eo show from the 
built-in videodisc 
player. Designed by 
Christopher Con- 
ley, the concept of a 
future handheld educa- 
tional system for children 
was the winning entry of Sony’s an- 
nual Design-A-Vision competition for 
college students majoring in indus- 
trial design. 


Better than a shoe phone: Motorola’s 
Micro TAC cellular phone has a vol- 
ume of just 13.5 cubic inches and eas- 
ily folds into your pocket. 


Two LCD screens display 3-D scenes 
from CAIVman’s internal videodisc. 
The interactive audio-video learning 


system is a concept of things to come. 


Silence is golden 


When Andrew Gabor invented the dai- 
sywheel printer in 1972, it caused a 
lot of noise in the industry. It was the 
first desktop printing system that com- 
bined high speed with high-quality 
printing. But it caused lots of noise in 
the office too. To make it work, a tiny 
hammer strikes each character petal 
20 or more times a second. Result: a 
loud, annoying machine-gun sound. 
But now the Xerox scientist has an- 
other idea. 

“The new printer produces fifty-two 
decibels of sound, which is fifteen deci- 
bels quieter than current designs,” says 
Gabor. “And its frequency has been low- 
ered by six octaves.” What does all that 
mean? 

“You don’t hear it printing,” says 
Poputar Science Executive Editor 
Richard Stepler, who recently got a 
chance to try the system. “You only 
hear the operator pressing keys on the 
keyboard.” 

To quiet the mechanism and lower 
the pitch at which it works, Gabor had 
to increase the mass of the hammer 
that strikes the character petal. To 
reach the level and frequency he wan- 
ted, he calculated that a conventional 
hammer would have to weigh 38 
pounds. “To keep the same proportions, 
the machine would weigh seventy-two 
tons,” says Gabor, laughing. His alter- 
native method is shown on next page. 

When you press a key, a micropro- 
cessor determines when the correct 
character on the daisywheel is in strik- 
ing position. When it is, the motor coil 
(A), attached to a connecting rod, 
moves vertically to rock the print bail 
(B), which extends across the length 
of the typing area. The bail pushes a 
connecting mechanism (C) that has a 
protruding print tip (D) at its end to 
strike the daisywheel character petal. 
Result: The impact force is the same 
as in conventional printers, but the 
mass has been increased to lower the 
frequency and sound level. 


Quick looks 

© The picture-in-picture (PIP) system 

on RCA’s new ColorTrak TVs lets you 

freeze, pan, zoom, or replay the image 

displayed in the smaller TV picture. 
© Magnavox offers a JBL sound sys- 


tem as an option to its new line of pro- 
jection TVs. 


Continued 
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SURVIVAL KIT FORTHE 
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CARRY WIZARD POWER IN YOUR POCKET. 
SLIDE INA SOFTWARE CARD. OR PLUG INTO YOUR PC. 
TAKE CONTROL OF TOMORROW. TODAY. 


The Wizard from Sharp lets you travel light and take all your personal and business data with you. 
The Wizard plans, organizes, reminds, informs, advises, calculates. An optional Organizer Link keeps you in 
two-way communication with IBM=PC compatible or Macintosh" computers. Optional Software Cards adapt 
it for specialized jobs without specialized training. 
Discover the competitive edge for the Information Age. Call 1-800-BE-SHARP. 


SHARP INVENTS THE WIZARD 
SHARP. 


FROM SHARP MINDS 
© 1989 Sharp Electronics Corp. COME SHARP PRODUCTS” 
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e Xerox uses its new quiet printer in its ces start at $1,995. The computer-based 
g model62 word-processing systems. Pri- system displays text on its 22-line screen. 
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THE NEW SPIRIT 
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ed warranty & its restrictions at dealer. 


Print Bail 


Print bail and tip replace the conven- 
tional hammer in earlier daisywheel 


@ Pioneer’s 45-inch projection TV 
delivers 650 lines of horizontal reso- 
lution. Want more? The company’s 
50-inch model has 720 lines. Of course 
only a videodisc player approaches that 
quality, and the company has a new 
one for a list price of $600—half the 
price of many others. (Once discounted, 
it will likely be available for about 
$450.) Two other models play both 
sides of a disc without flipping it over. 

© NEC’s new $200 TurboGrafx-16 
video game uses an optional CD+Gra- 
phics videodisc player for stereo sound 
and video special effects. The game’s 


Moving Coil Motor 


printers. The greater mass lowers the 
volume and frequency of the sound. 


16-bit microprocessor creates more- 
detailed graphics than its true adver- 
sary, Nintendo. 

è Electrons passing through a tran- 
sistor haphazardly bounce and ricochet 
as they flow from one end to the other. 
That wastes time and slows the switch- 
ing speed of the device. Now AT&T has 
developed a hot electron transistor that 
lets electrons pass directly through. 
The increase in speed, says the com- 
pany, will boost future long-distance 
network data exchanges from the pres- 
ent 1.7 billion bits per second to a 
trillion. Gs 
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The 1989 Dodge Daytona Shelby. Designed for 
total performance. Body. And soul. ZZO 


*See this powertrain 


honed shape, it is nothing short of electrifying. 
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Home Newsfront 


By V. Elaine Gilmore 


Hot and cloudy 


The 12-by-16-inch patch of plas- 
tic film between the lamp and the 
plant in the photo on this page 
is the first sample from a produc- 
tion line built to make a ther- 
mally active glazing material: 
It’s transparent when cool, but 
turns white when it gets warm. 
Used in a window or green- 
house, for example, such glaz- 
ing would admit solar heat 
when the temperature is cool, 
then turn white to block most 
of the heat when the room 
warms up. For use in sky- 
lights, the material can be 
formulated to turn white in 
response to sunlight as well 
as heat. 

The glazing is called Cloud 
Gel, and if you read the March 
1984 issue of POPULAR SCIENCE, 
you may recall seeing a photo of 
a hand-made prototype. Cloud 
Gel’s inventor, Day Chahroudi, 
also gets much of the credit for 
inventing Heat Mirror, the first 
low-emissivity glazing [April '82, 
March ’86]. 

The path from prototype to 
product for Cloud Gel was long- 
er and bumpier than Chahroudi expect- 
ed. But now his company, Suntek, Inc., 
in Albuquerque, N.M., has its produc- 
tion machinery cranked up and under- 
going the critical fine-tuning stage 
before samples can be manufactured 
and put out for testing. 

Cloud Gel is a polymer-water solu- 
tion (specifics are proprietary) sand- 
wiched between plastic films. When the 
solution is cool, the polymers are elon- 
gated; their diameters are much small- 
er than wavelengths of solar energy, 
so the sun passes readily through. As 
the solution warms, the polymers curl 
up, and the globs become larger than 
solar wavelengths. So 80 percent of 
the solar radiation is reflected. 

The temperature at which Cloud Gel 
changes from clear to white can be ad- 
justed in the manufacturing, but would 
typically be in the 75 to 85 degree 
F range, depending on use. Its first ap- 
plications will probably be in green- 
houses, translucent building panels, 
and skylights, according to Chahroudi. 

There are other contenders in the 
“smart” or switchable glazing field. You 
probably know about electrochromic 


glazing [Dec. '87] and glazing based on 
liquid crystals [Aug.’88]. PopuLaRSc1- 
ENCE will report on another, called sus- 
pended-particle display, in a future 
issue. All of these technologies require 
an applied voltage to trigger the tran- 
sition. Consequently, Chahroudi is con- 
vinced that Cloud Gel will be much 
cheaper to produce. 

Looks like the race is on for a smart 
window. 


The energy-efficient 
mortgage 


How much house can you afford? 

If the one you’re buying has a deli- 
cate appetite for energy, you may be 
able to take out a larger mortgage— 
and thus afford more house. 
The Federal National Mortgage Asso- 
ciation (Fannie Mae) and the Federal 
Home Loan Mortgage Corp. (Freddie 
Mac)— agencies that buy mortgages 
from banks and, thus, set many of the 
guidelines—offer a program called the 
“Energy-Efficient Mortgage.” 

Normally, both Freddie Mac and 


Cloud Gel, a polymer-water solution sandwiched 
between plastic skins, is transparent when cool, 
but turns white as it warms. Used as glazing it 
would act as a solar-energy valve, transmitting or 
reflecting solar heat and light to keep a building 
comfortable under varying climatic conditions. 


Fannie Mae specify that when 
principal, interest, taxes, and 
insurance are considered, pay- 
ments should amount to no more 
than 28 percent of the borrow- 
er’s gross monthly income. With 
an Energy-Efficient Mortgage, 
however, that maximum can go 
up to 30 percent. “A borrower's 
ability to make monthly pay- 
ments is enhanced when the 
home is energy-efficient and a 
borrower is required to devote 
less of his income to utility ex- 
penses,” explain the Freddie Mac 
guidelines. 

To qualify for the program, the 
home buyer must document the 
home's efficiency. That can be 
done by a qualified appraiser or 
by an energy-audit service, Or 
the mortgage banker can accept 
categorically those homes that 
comply with recognized energy- 
performance standards. 


Home-energy stickers? 


There are several moves afoot to 
do for houses what the Environ- 
mental Protection Agency’s 
mileage ratings did for cars: 
devise a uniform system for pre- 
dicting their energy performance. The 
Thermal Performance Guidelines, de- 
veloped by the National Association of 
Home Builder’s National Research 
Center, is one such effort. More than 40 
of the current voluntary home-effi- 


| ciency programs in the United States 


are based on those guidelines, accord- 


| ing to Bion Howard, the senior ener- 


gy analyst at the National Research 
Center. 

In addition, a not-for-profit corpora- 
tion called Energy Rated Homes, based 
in Little Rock, Ark., is setting up local 
energy-rating programs around the 
country. These are run by builders, 
lenders, appraisers, realty agents, and 
utilities. (Both of these programs are 
among the energy-performance stan- 
dards accepted by Fannie Mae and 
Freddie Mac for Energy-Efficient Mort- 
gages, by the way.) 

One day, when you're out house hunt- 
ing, you may find an energy-rating 
sticker on every door, or maybe pasted 
on a mechanical-room wall, out of pub- 
lic view. And no doubt you'll see some 
variation on the phrase: “Your actual 
Btu usage may differ...” 
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Better boxes 


Electrical outlet and fixture boxes are 
pretty effective energy losers consid- 
ering their small size. They contain 
several sizable holes for air infiltration, 
and they’re made of metal, which trans- 
fers heat readily. 

Now Nu-Tek Plastics, in Delta, Brit- 
ish Columbia, has introduced a line of 
airtight (or nearly so) electric boxes. 
The boxes are made of a General Elec- 
tric engineering plastic called Noryl, 
so they do not conduct heat as readily 
as metal boxes. 

You can see the foam gaskets that 
seal around the front flange of the 
boxes in the photo. More foam covers 
the back of the hinged slots where the 
wire is inserted. “The electrician just 
slits the foam at the cable entry point,” 
says Wayne Harington, president of 
Nu-Tek. “Then all that is needed is a 
dab of caulk to seal the unit.” 


Air-tight electric boxes have only four 
holes for wires and mounting screws, 
which you seal with caulk after instal- 
lation. And they’re plastic, which con- 
ducts heat less readily than metal. 


Wall and ceiling boxes in several 
configurations are available from Nu- 
Tek Plastics (#2-4703 51st St., Delta, 
B.C. Canada). They are not UL ap- 
proved, but they are approved by the 
Canadian Standards Association. And 
many states, plus some U.S. cities, ac- 
cept CSA certification (check with your 
local authorities). 


Info mart 


è If you don't know a cripple from a 
batter board—and you'd like to—you'll 
enjoy the American Plywood Associa- 
tion’s primer on the wood-frame house. 
It’s called “House Building Basics”, and 
it’s yours for $2.95—from the Ameri- 
can Plywood Assn., Box 11700, Ta- 
coma, Wash. 98411. 

@ A brochure from the American Gas 


Association called “Energy-Efficient 
Gas Furnaces and Appliances” ex- 
plains such fundamentals as how to 
read the yellow “energy-guide” labels 
on furnaces and appliances and defines 
enough terms to let you compete—jar- 
gon for jargon—with an appliance 
salesman. The brochure is free from 
the American Gas Assn., Public In- 
formation Dept., 1515 Wilson Blvd., 
Arlington, Va. 22209. 

e Another freebie, this from the De- 
partment of Energy’s Conservation 


and Renewable Energy Inquiry and 
Referral Service (CAREIRS), could be 
useful if you're planning some fall 
planting. It’s called “Landscaping for 
Energy-Efficient Homes.” Two phrases 
from the introduction should pique 
your interest: 1) “A well-placed wind- 
break of evergreens can reduce your 
heating bill by 20 percent.” 2) “One tree 
absorbs the same amount of Btu in a 
given day as five air conditioners run- 
ning for 20 hours.” (CAREIRS, Box 
8900, Silver Spring, Md. 20907). OS) 


hes hard to believe, but traffic radar does 
not identify which vehicle is responsible 
for the speed displayed. It shows only a 
speed number. The radar operator must 
decide who to blame. 

How radar works 

The radar gun is aimed at traffic and it 
transmits a beam of invisible radar waves. 
Moving objects reflect these waves back 
to the radar gun. Using the Doppler principle, 
the radar calculates speed from the 
reflected waves. But there's a problem. 

The best gue: 

Remember, these reflections are in- 
visible. And truck reflections can be ten 
times stronger than car reflections. How 
can the operator know for sure which vehicle 
is responsible for the number? 

The truth is, in many cases he can't 
be sure. The result? You can be ticketed 
for somebody else's reflection. 

The only way to defend yourself 
against these wrongful tickets is to know 
when radar is operating near you. 


Self Defense 

We specialize in radar warning. Escort 
and Passport have a unique warning 
system that tells you radar strength—with 
both a variable-rate beeper and a visual 


Since radar displays only one number, the operator has the responsibility to decide which vehicle is being clocked. 


Why radar makes mistakes. 
How to protect yourself. 


meter. You'll know when the radar unit is 
near enough to have you under surveillance. 

Car and Driver, Popular Mechanics 
and Roundel magazines have each tested 
radar detectors. And each gave us their 
highest ratings. Call toll-free and we'll send 
reprints of the complete tests. 

We're as close as your phone 

To order, call toll-free. Orders in by 
6:00 pm eastern time go out the same day 
by UPS and we pay the shipping. 

And we guarantee your satisfaction. 
If you're not entirely satisfied within 30 days, 
return your purchase. We'll refund your 
money and shipping costs. 

The best defense against wrongful 
tickets can be in your car tomorrow. 


Toll Free 1-800-543-1608 
(Call 8am-midnight, 7 days a week) 


ESCORT 


RADAR WARNING RECEIVER 


ESCORT $245 (0H res. add $14.70 tax) 
PASSPORT 


PASSPORT $295 (0H res. add $17.70 tax) 


Cincinnati Microwave 

> Department 601689 
One Microwave Plaza 
Cincinnati, Ohio 45249 
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THE COLD FACTS 
ABOUT COOLING. 


Send for your free copy of 
the Tempstar Home Comfort Guide 
and get started on the road to 
energy savings. This easy-to-read 
booklet tells you everything you 
need to know about buying an 
energy efficient home heating or 
cooling system, 

For example, did you know 
that the Tempstar 712AC is one 
of the most efficient air condi- 
tioners on the market today? 

Send for your copy of the 

Tempstar Home Comfort Guide 

and learn how 
you can 

lower those 
monthly 
energy costs. 


a 


For a FREE copy 
of the Tempstar 
Home Comfort 
Guide, call 
toll-free 
1-800-447-2882 
or fill in this coupon and mail to: 

Tempstar Home Comfort Guide Offer 

460 Tenth Circle North 

Nashville, TN 37203 


YES, I'd like to learn how to save on 
energy cost: nd me your FREE copy 
of the Tempstar Home Comfort Guide. 


Name. 
Street. 
City 
State 
Phone 


l "> 
| TEMPSTA: 

| Heating and Cooling Products 

l Rely on the Star 


ee 


Zip. 
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Looking Back... 


Sampling a century of POPULAR SCIENCE 


AUGUST 1889 


10 “Tt has generally been ac- 
cepted by most physicists 
YEARS AGO that electricity is a phe- 
nomenon resulting from oscillations of 
the luminiferous ether. However, with 
the exception of a few experiments in- 
stigated by Maxwell’s ‘electromagnetic 
theory of light,’ no verifications of this 
hypothesis had been made until late 
last year, when Prof. [Heinrich Rudolf] 
Hertz, of Carlsruhe, Germany, com- 
menced a series of experiments on the 
interference of electrical waves. 
“In Hertz’s experiment, the wave- 
length of the conductor was 2.8 me- 


5 coming back? With 


YEARS AGO strange, unconven- 
tional types, inventors are seek- 
ing to adapt it to a modern age. 
“Hermann Honnef proposes to 
mount 500-foot wheels, with 
spokes that serve as vanes, upon 
high towers. A single ‘skyscraper 
windmill,’ he estimates, would 
generate enough electricity for a 
city of 100,000 inhabitants. An- 
other designer, Peter Bendmann, 
offers plans for a pair of giant 
windmills, connected at 
right angles to each other 
and arranged to move 


2 trip be like when— 


YEARS AGO Soon—brave men 
soar into the skies to conquer the 
Moon? Here is a preview of that 
great adventure. 

“Atop their vast and audibly 
seething assembly, three men lie 
breathing quickly in concentra- 
tion as Earth and rocket begin 
to cast off lines. In the last sec- 
ond 100 switches clatter, fires are 
kindled, valves open, flames belch 
and cough smokily. Long, slow vi- 
brations run upward through the 
rocket to jostle the crew, then 
begin smoothing away as the 
launch pad’s hold-down clamps fall. 
The Saturn poises, struggling against 
Earth’s gravity and an atmosphere cling- 


AUGUST 1939 


“Is the windmill 


AUGUST 1964 


“What will that first È 


ters. From this value, he gets the velo- 
city of propagation of electrical distur- 
bances as 200,000 kilometers per sec- 
ond. This is truly wonderful. 

“It would seem that Hertz’s wave- 
lengths are of an entirely different 
order from what they should be. How 
can electrical wavelengths of one meter 
be in any way associated with light 
waves of less than one billionth of a 
millimeter? Still, should the velocity 
of propagation of electrical waves be 
much greater than has been supposed, 
then with these large wavelengths the 
times of oscillation could be of the same 
order as those of light.” 


around a track so as to obtain 
wind power from any direction. 
“At Burlington, N.J., recently, 
aspool-shaped rotor 90 feet high 
[see drawing] strained at its 
moorings with a 10-ton horizon- 
tal pull, when an electric motor 
spun it in the wind. The inven- 
tor, Julius D. Madaras, plans to 
mount 20 such rotors on flat cars, 
and make the wind propel the 
whole train around a circular 
track. Dynamos geared to the 
car wheels would generate many 
times the amount of power 
needed to turn the rotors, 
and the surplus power 
would be marketed.” 


ing like glue to its sides. It rises ina 
thunderous stroke to stage-one burn- 
out at 150 seconds and 36 miles.” 


Why it takes legwork to 
flatten your stomach 


You can't reduce stomach 


es Adjustable Arm Tension 
tat by SXPECISINS Adjustable upper body exerciser works the 
abdominal muscles alone. major muscles of the abdomen, shoulders, back 
Research has shown that and arms for maximum aerobic conditioning. 


exercises that work only the ab- 
dominal region are not effective. 
They simply don't involve enough 
muscle mass to burn the calories 
necessary to trim fat. Instead of 
flattening, they merely strengthen 


- Electronic 
al Feedback 
wee Speedometer 


underlying muscles, providing displays elapsed 
no reduction in girth, fat- workout time, 
folds, or total body fat speed, and 
distance traveled at 
percentage. glance: 


The exclusive 
NordicTrack® 
total-body aerobic 
exerciser is the most 
effective way to flatten 
your stomach. 


Monitor Aerobic Efficiency 
Optional pulse meter provides digital 
readouts of pulse rate and elapsed 


workout time. 
The total-body motion involves 
all major body muscles. Which 
means you burn more body fat in 
less time than with any other in- Adjustable Leg Tension 


home exercise machine. And while 
you're at it, you're toning and 
defining those muscle groups, as 
well. So you feel as good as you 
look. 


Adjust the machine to precisely meet your 
conditioning and weight-loss requirements. 


Patented Flywheel X Free information. 
One-way \ . 
clutch Call today. Or fill out the 
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The 1989 Shelby CSX Turbo IV with 
variable-vane turbocharger (red car 
on right) out-accelerates a similar stan- 
dard turbo-equipped Shelby CSX (blue 
car on left). Both are rated at 175 hp, 
but the variable-nozzle turbocharger 
responds to the throttle faster, giving 
it an edge in acceleration. Right: The 
engine bay of the Shelby CSX with 
the Garrett Automotive T25 turbo- 
charger differs only slightly from the 
older Shelby CSX. 
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By DAN McCOSH 
Detroit Editor 


here are some dark se- 

crets in the car tester’s 
closet, and one of them is that 
testing fast isn’t always the 
same as going fast. It’s not 
uncommon for a car to clock 
single-digit 0-to-60-mph times 
without impressing the seat of 
your pants, particularly when 
the car is turbocharged, and the stand- 
ing start at the test track is preceded 
by revving the engine to the redline 
and dumping the clutch. 

The real world isn’t always so con- 
trolled. Say you're crawling up a grade 
behind a wall full of travel stickers 
on the back of some guy’s Airstream 


trailer, and you pull out to pass. That’s 
when turbo lag rears its ugly head. 

A stab at the gas pedal is rewarded 
with a long, slow buildup as the turbo 
goes into its act. Boost painstakingly 
rises, and finally the car gets going 
with a rush. But by that time you’ve 
already passed the guy and his trailer, 
and now you're in blastoff mode just 
when you want to get back into your 
lane. 

The answer to the sluggish response 
of some high-horsepower turbocharged 
cars is promised by the development 
of variable-nozzle turbochargers (VNT) 
[Cover story, May ’88]. These innova- 
tive new devices use a ring of vanes 
around the turbine wheel to precisely 
direct the exhaust gas stream for max- 
imum efficiency. 


To be most effective, a turbocharger must be both small for 
quick response and large for high-revving efficiency. The 
variable-nozzle turbo fitted to the 1989 Shelby CSX adjusts 
its internal geometry automatically, making it two turbos 
in one. PopuLar Scænce tests this innovative turbo along 
with a supercharged and an atmospheric-pressure engine 


PHOTOS BY JOHN B. CARNETT 


By speeding up the exhaust flow 
at medium engine speeds, the turbo- 
charger’s turbine wheel can get to its 
optimum speed quickly and improve 
throttle response. This new turbo tech- 
nology made its debut this spring on a 
limited-volume Shelby CSX, based on 
the Dodge Shadow sports coupe. And 
Chrysler plans to add this innovative 
turbocharger to other models in the 
1990 model year. 


Turbo-charged debate 


Is VNT the answer to turbo lag? It’s 
the type of question that leads to end- 
less debate without much substance. 
We decided to try for a more definitive 
answer. 

To start with, we gathered together a 
1989 Shelby CSX with the VNT Turbo 


to see which responds quickest to the gas pedal. 


IV intercooled turbocharging system 
and an older sister, a late-1987 Shelby 
CSX equipped with most of the Turbo 
Il hardware. Both cars are powered by 
Chrysler’s 2.2-liter four-cylinder en- 
gine and are rated at an identical 175 
horsepower, although the newer Shelby 
CSX develops more torque. To see where 
turbocharging fits into the larger en- 
gine picture, we also tested a 1989 Ford 
Thunderbird Super Coupe with a 3.8- 
liter V6 engine boosted by a belt-driven 
Roots-type supercharger [Cover story, 
Jan. ’87]. And as a base line, we looked 
at the throttle response of a 1990 Plym- 
outh Laser equipped with a 16-valve 
two-liter four-cylinder engine that op- 
erates at atmospheric pressure. 


Range of power and weight 


The group of four cars included sev- 
eral combinations of weight and power. 
The Thunderbird Super Coupe is sub- 
stantially heavier than either Shelby 
CSX and, despite its 210-hp output, has 
a power-to-weight ratio of 18.6 pounds 
per horsepower, slightly worse than the 
’89 Shelby’s 16.1 lb./hp. The ’87 Shelby 
CSX weighs 100 pounds lighter than 
its newer Shelby cousin and has an 
advantageous 15.3 lb./hp ratio. The 
weight difference is accounted for by 
the ’89 CSX’s heavy-duty suspension, 
extra sound-deadening material, and 
heavier ground-effects skirts. The La- 
ser’s weight is virtually the same as 
the older Shelby CSX, but with 135 
hp available, it has a power-to-weight 
ratio of 19.8 lb./hp. The mismatch 
would make raw-acceleration compar- 
isons more or less predictable, but we 
were more interested in testing how 
quickly the cars responded to a stab 
at the gas pedal, not which one pulled 
ahead faster from a stoplight. 

We quickly discovered that testing 
a car’s responsiveness is considerably 
trickier than testing its raw accelera- 
tion to 60 mph. To begin with, while 
the differences in horsepower-to-weight 
ratios indicated we could expect a range 
of acceleration times, all three boosted 
cars were within 0.9 second of each 
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Turbo to go Continued 
other at reaching 60 mph. The super- 
charged Thunderbird blasted to 60 
mph first, in 7.8 seconds, just 0.3 sec- 
ond ahead of the VNT-equipped Shelby 
CSX. The standard turbo-equipped 
Shelby got to 60 mph in 8.7 seconds, 
and the lower-powered Laser took 10.3 
seconds. 


Responsiveness testing 


But we wanted to test for response, 
and 0-to-60-mph times can be mislead- 
ing. A fast run at the drag strip can 
consist of a slow start and a quick 
finish or a quick blastoff followed by a 
letdown. We wanted to profile the car’s 
acceleration, because contests like this 
are won or lost in the blink of an eye. 

In search of a better measure of 
throttle response, we decided the de- 
termining factor should be how quickly 
each car reached its maximum accel- 
eration, even if the peak differed from 
car to car. Even more significant was 
each car’s pattern of acceleration. A 
quick-responding car should show a 
steeper climb to its maximum acceler- 
ation, while a lagging car would be 
likely to start at a lower plateau, then 
rise slowly. 

The instrument to do this is the 
g-Analyst, developed by Valentine Re- 
search (see box, G whiz!). The g.Anal- 
yst measures acceleration and records 
it in one-tenth of a second intervals. 
This device gives acceleration readings 
at any point in time. Our hope was that 
the g.Analyst would give us a way to 
actually measure how long it takes to 
get to peak acceleration—rather than 
relying on gut feelings. In this way we 
could quantify and compare accelera- 
tion lag. 

Track tests aside, however, the basic 
principles and engineering behind 
the various systems of horsepower en- 
hancement seemed to give one an edge 
over the others. 


Turbo theory 


Slow throttle response has plagued 
turbochargers since they began show- 
ing up in significant numbers in the 
United States in the 1970s after gain- 
ing popularity in Europe. They were 
popular because they seemed to prom- 
ise something for everybody in the 
midst of an energy crisis. But there 
was a major drawback: less than crisp 
response. 

The idea involves designing a small 
displacement engine that can become 
a tiger on demand. When you don't 
need extra power, the engine is a fuel 
sipper. But step hard on the accelera- 
tor pedal, and the boost comes on. Ex- 
tra air is forced into the engine, so it 
can burn more fuel and produce greater 
power output. What’s more, the com- 
pressor that jams the extra air in is 


driven by the heat of the exhaust— 
almost a free ride, because this waste 
heat would otherwise be dumped into 
the atmosphere. 

More than any other auto manufac- 
turer, Chrysler Corp. embraced turbo- 
charging, not only for performance 
cars, but eventually for sedans and 
minivans. Chrysler's limited supply of 
large-displacement engines encour- 
aged attempts to power a wide variety 
of models with derivatives of its basic 
2.2-liter four-cylinder engine that de- 
livered 92 hp in atmospheric-pressure 
form. Turbocharging brought the en- 
gine’s power up to the level of compet- 
itive V6s, but at the cost of throttle 
response. 

Chrysler engineers were quick to re- 
alize turbocharging’s limitations. Early 
models used a relatively large Garrett 
T3 turbocharger that was originally de- 
signed for small trucks. The weight 
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COMPRESSOR HOUSING 


EXHAUST FLOW 


With vanes fully open (right) the 
turbocharger channels the ex- 
haust flow for maximum high- 
revving efficiency. To enhance re- 
sponse, the 12 annular vanes pivot 
to speed up exhaust-gas flow and 
force the turbine wheel to operat- 
ing speed faster. 
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TURBINE WHEEL 


and volume of the unit meant the tur- 
bine shaft accelerated slowly, so re- 
sponse suffered. Later Chrysler used 
a lighter turbocharger that improved 
response, but was still far from ideal. 
Though the engine produced 142 hp, 
it still was sluggish in response to 
throttle commands. In 1987 Chrysler 
began using the Turbo II system, which 
sported an intercooler that reduced the 
temperature of the pressurized air and 
raised its density to allow higher boost 
pressures. Power output from the 2.2- 
liter block increased to 175 hp with 175 
pound-feet of torque available—but 
again using a relatively heavy Garrett 
turbocharger. 


Turbo transitions 


Each transition for Chrysler was 
accompanied by a noticeable decrease 
in turbo lag. But one trade-off parti- 
cularly bothered development engi- 
neers: When a large-volume turbo 
that promised high horsepower was in- 
stalled, throttle response was poor. 
However, a smaller, quick-to-respond 
turbo lacked the high-output potential 
of a larger unit. This dichotomy led to 
the joint development project between 
Garrett Automotive and Chrysler to 
engineer the variable-nozzle turbo- 
charger, which essentially takes the 
best attributes of each turbo design. 

The variable-nozzle turbo is based 
on the lightweight T25 Garrett unit 
and contains a ring of pivoting vanes 
surrounding the exhaust turbine. The 
vanes move on demand to constrict the 
exhaust flow at low engine speeds and 
open at high rpm. The principle is 
something like closing down one end 
of a garden hose to increase water pres- 
sure and make its stream shoot far- 
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COMPRESSOR HOUSING 


ther. When the turbo’s vanes close, the 
exhaust velocity increases, which spins 
the turbine wheel quickly to its opti- 
mum operating speed. 


Principle and operation 


While the principle seems simple 
enough, the actual operation is com- 
plicated and requires elaborate elec- 
tronic controls and specially designed 
parts. For one thing, because the vanes 
constrict exhaust flow to increase ex- 
haust gas velocity, additional back 
pressure in the exhaust is created. If 
not properly timed this can shut off the 
engine completely. 

It’s worth noting that the vanes can’t 
do everything. When the engine is 
below approximately 1,800 rpm, there 
is not enough exhaust flow to keep the 
turbine wheel spinning even with the 
vanes at maximum constriction. The 
use of the variable-vane system thus 
addresses only one component of turbo 
lag. By giving the turbocharger’s tur- 
bine wheel enough exhaust-gas veloc- 
ity at relatively low engine speeds, it 
is kept spinning. Under these condi- 
tions a conventional turbo remains 
near a standstill. Another compo- 
nent of turbo lag is the inertia of the 
turbine wheels and the shaft assem- 
bly itself. Some earlier efforts, notably 
the Buick GNX high-output turbo- 
charged V6, experimented with ceram- 
ics to lighten the wheel assembly and 
quicken the speed with which the turbo 
accelerated. But this fix required ex- 
acting manufacturing procedures, and 
Chrysler, aiming at high production 
volumes with the VNT, stuck with 
conventional materials. To take the 
abuse of 1,650-degree-F exhaust gas, 
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RIDING ON 
COMPOSITE WHEELS 


The composite wheels on the Shelby CSX rep- 
resent the latest advance in the evolution of 
the wheel. While the gold-tone five-point-star 
wheels look as if they're made of polished alu- 
minum or steel, they are actually molded of 
vinyl ester/polyester reinforced glass fibers. 
Randomly dispersed chopped fiberglass is bol- 
stered by continuous strand sheets in areas 
that require more support. According to Scott 
Murray, director of engineering at Motor Wheel 
Corp. in Lansing, Mich., each wheel weighs 
18 pounds—five pounds lighter than a simi- 
larly styled aluminum wheel and seven pounds 
less than a steel wheel. Five pounds per wheel 
may not seem like an astounding weight sav- 
ings on a 2,800-pound car, but this 20-pound 
reduction in unsprung weight means the sus- 
pension doesn't have to work as hard, and the 
handling can be made more precise. 

“This wheel was designed from scratch and 
pushes the technology," says Murray. “We 
started with clay models of what Shelby wanted 
the wheels to look like, and we engineered the 
load-bearing structure of the wheels from 
there.” The 11-year development of the Fiber- 
ide wheel program at Motor Wheel entailed 
5.4 million miles of road testing, as well as 
extensive laboratory tests on impact, stress, 
fatigue, corrosion, and how long lug nuts will 
remain tight. Murray says the composite wheels 
met or exceeded all criteria when compared 
with existing aluminum and steel products. 

Metal wheels also can resonate like a bell 
being rung, but Motor Wheel test drivers noted 
that the Fiberide composite wheel soaked up 
vibration and tire noise that the metal wheels 
tended to transmit into the car. Murray claims 
there is also an added bonus of having wheels 
that will never rust, corrode, or tarnish and 
will require a minimal amount of mainte- 
nance.—Brian Nadel 


To compare the throttle response of the en- 
gines in our test, the PopuLar Science test team 
used a special tool that is ideal for the task. 
The g.Analyst, made by Valentine Research in 
Cincinnati, measures and records lateral ac- 
celeration in units of g. It is sensitive enough 
to pinpoint minuscule car-to-car performance 
differences. 

The g.Analyst consists of two black boxes 
linked by a data cable. Power comes from the 
car's battery via the cigarette lighter outlet. 
One box mounts flat on the car's floor—close 
to the car's center of pitch, roll, and yaw 


—usually hidden under the passenger's seat; 
three precision accelerometers within the de- 
vice sense fore and aft, lateral, and vertical 
motions of the vehicle. Acceleration readings 
are recorded 10 times per second and are ac- 
curate to within two percent, according to Val- 
entine. These electronic transducers are not 
fooled by combination maneuvers such as brak- 
ing and cornering—and the g.Analyst’s data 
reduction circuits correct for the car's pitch 
and roll. The g.Analyst displays elapsed time 
and the magnitude of g’s the car experiences. 
Also, a grid of dots plots longitudinal and lat- 
eral g's on an electronic graph. Four different 
analysis modes are available: acceleration and 
braking versus time; cornering force versus 
time; a 3.5-second trace of cornering, brak- 


The Shelby Sha- 
dow CSX is fitted 
with composite 
wheels (top), re- 
ducing the car’s 
unsprung weight. 
The g.Analyst 
(left) uses three 
perpendicular ac- 
celerometers and 
sophisticated elec- 
tronics to detect 
acceleration 
changes as small 
as 0.01 g. 


ing, and acceleration; and a cumulative plot 
of the three variables. In addition, it is possi- 
ble to transfer the data to a personal computer 
for storage and analysis. 

The g.Analyst stores up to eight minutes of 
driving dynamics in its 16-kilobyte memory. 
Record, fast-forward, play, rewind, and stop 
controls—like a VCR—provide access to the 
data. Maneuvers can be replayed many times 
for analysis. 

To study throttle response, we established 
a steady cruising speed of 30 mph, started 
the g.Analyst recorder, and then, as the throt- 
tle was pressed to the floor, hit the “now” con- 
trol button. This placed an electronic marker 
in the memory corresponding to the start of 
the throttle response test.—Don Sherman 


the vane-control mechanism is made 
of cast stainless steel, and the ring that 
the vanes sit in is made of a variety of 
hardened stainless steel. 

Early in the development of variable- 
vane technology, Garrett engineers no- 
ticed that the wake produced by each 
vane was causing the tip of the tur- 
bine wheel's blades to break up. Tests 
using holographic films of the wheel 


36 | POPULAR SCIENCE 


led to a redesign of the wheel with a 
more sturdy structure. 

The Shelby CSX Turbo IV system is 
calibrated to keep the turbine wheel 
spinning at about half its maximum 
177,000 rpm under partial throttle con- 
ditions. This requires careful control 
of the vacuum actuator that positions 
the vanes. For example, at about 2,700 
rpm and a steady speed of 35 mph, the 


engine throttle is barely open, exhaust 
flow is minimal, and the vanes are 
partially shut. A stab at the throttle 
momentarily closes the vanes to their 
minimum openings, increasing back 
pressure and choking the engine for 
an instant. In fact, for this fraction of 
a second, power actually drops off. But 
then the vanes quickly open to the 
best setting, spinning the turbo up to 
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speed. Within about 0.4 second, accord- 
ing to Chrysler, the turbo is at maxi- 
mum speed, pumping extra air into the 
engine. 

This is in dramatic contrast to the 
standard turbo, which responds to a 
wide-open throttle with a slow run-up 
of the turbine wheel that can easily 
take 1.5 seconds. Another difference 
between the two systems is how they 
limit maximum boost pressure. The 
VNT vanes close to isolate the turbine 
wheel from the exhaust flow to reduce 
boost. In the more basic turbo setup, a 
waste gate opens to dump excess tur- 
bocharger pressure at high speeds. 

Both turbos use a water-cooled center 
bearing to cure a problem common with 
earlier turbochargers: heat buildup in 
the unit following a quick shutdown 
—-such as using the car for short trips. 
This was sometimes severe enough to 
carbonize the lubricating oil and lead 
to bearing failure. 


Theory and practice 


All this looks good on paper, but we 
were more interested in how each en- 
gine performed at the track. The stan- 
dard-turbo Shelby CSX was a late-1987 
model rated at 175 hp at 5,300 rpm, 
with 175 lb.-ft. of torque available at 
2,400 rpm. The 1989 Shelby CSX is 
powered by the new Turbo IV VNT sys- 
tem that extracts the same 175 hp out 
of the 2.2-liter engine, but has 210 
lb.-ft. of torque at lower engine speeds. 

The numbers are deceptive. The 
higher torque rating of the VNT- 
equipped engine is programmed to 
come in at lower engine speed, then 
decrease as the engine peaks. This 
saves wear and tear on the car's five- 
speed manual transmission, which is 
near its limit of torque capacity, ac- 
cording to Chrysler engineers. 

Our efforts with the g.Analyst dem- 
onstrated both the advantages and dis- 
advantages of the VNT. In a second- 
gear run-up, starting at 3,250 rpm at 
30 mph, the constricting vane action 
of the VNT was noticeable as the old- 
style turbo accelerated stronger for the 
first 0.8 second (see graph). Then the 
VNT-equipped car jumped ahead and 
reached full acceleration in 1.3 seconds, 
a half second faster than its older sib- 
ling without the VNT. 

A similar run in fourth gear proved 
the VNT to have an even greater ad- 
vantage over the standard turbo, be- 
cause the initial speed of the turbine 
wheel was lower at the point the throt- 
tle was opened. And in our top-gear 
passing test the VNT-equipped Shelby 
CSX excelled, taking 9.1 seconds to ac- 
celerate from 50 to 70 mph, nearly two 
seconds quicker than the standard- 
turbo Shelby CSX. 
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Turbo to gO Continued 

The VNT proved its worth, but our 
comparison cars—the supercharged 
Thunderbird and the atmospheric- 
pressure Laser—ended up with brag- 
ging rights for real-world throttle 
response. 

Neither of the turbocharged engines 
came close to the supercharged engine 
in terms of throttle response. The belt- 
driven blower on the Thunderbird Sup- 
er Coupe runs in lock step with the 
crankshaft, but at 2.6 times its speed. 
When the throttle is opened, a valve 
dumps the air that is already moving 
and circulating in a bypass loop through 
the supercharger directly into the man- 
ifold, giving near-instantaneous boost. 
The Super Coupe reached its maxi- 
mum acceleration in one second in sec- 
ond gear, the fastest time we measured 
for a boosted car. 

The ability to pump air quickly into 
the manifold not only means that lag 
time is reduced, but also that the su- 
percharger can effectively offset the 
sluggishness that comes from lower- 
ing the compression ratio on force-fed 
engines. However, reduced fuel econ- 
omy is the price paid for the extra 
horsepower that’s produced when using 
a blower on the engine. For the most 


part, this is due to the parasitic drag of 
the supercharging mechanism, which 
spins whether its pressurized air is 
being used or not. At full boost the 
blower consumes up to 60 hp, but at a 
light throttle, say cruising at 55 mph, 
it drains a mere half horsepower, ac- 
cording to Ford. 

Most surprising was that under some 
conditions, the low-powered Laser re- 
sponded the best, despite having the 
slowest 0-to-60-mph performance of the 
group. Starting with the engine run- 
ning near its optimal power band at 
30 mph in second gear, the Laser took 
1.4 seconds to reach maximum accel- 
eration. In higher gears it reached peak 
acceleration in as little as 0.8 second, 
then leveled off to a stable rate where 
the rising engine torque was balanced 
against the vehicle's aerodynamic drag 
as the speed increased. 


Better, but... 


Our conclusion: Controlling the ex- 
haust flow with the VNT is clearly su- 
perior to conventional turbocharging, 
and with proper calibration it is capa- 
ble of making the turbo more accept- 
able for real-world driving conditions. 
Its biggest advantage is responding to 


a wide-open throttle at medium engine 
speeds—a typical passing situation on 
the highway. 

On the other hand the VNT is non- 
operative at low engine speeds. There 
remains a noticeable hesitation be- 
fore the system builds boost in the 
early stages as compared with the stan- 
dard turbo and overall when compared 
with supercharging. Even a half sec- 
ond can seem like a long time when 
youre in the left lane passing a truck 
on a two-lane road. 

Last, like any new technology, it has 
to work in harmony with the rest of the 
car. The Shelby CSX was a marginal 
car at best. The 210 lb.-ft. of torque 
easily walked the front end around 
under full-throttle acceleration like a 
dog on its leash. Stiff springs, shocks, 
and sway bars all made for quick 56.6- 
mph double-lane change and 64.0-mph 
slalom scores, but were rough on the 
posterior. With so much power, lack of 
steering precision made the car uncom- 
fortable. Chrysler’s balance-shaft four- 
cylinder engine, smoother transmis- 
sion, and better worked-out suspension 
would help do the VNT justice. 

But when you want to step out to 
pass, the VNT is the answer. [5] 


Introducing the pre-electric that gets 
interesting results. 


New afta.. Pre-Electric. 
It’s conditioner-enriched to help 
take the irritation out of shaving. 


New afta gives you a close, 
comfortable shave even if you have _. 


sensitive skin. Thanks to its rich 


conditioners. And its unique lotion formula 
that's non-runny and non-greasy. Won't clog 


your razor, either. New afta Pre-Electric 


Shave Lotion. For interesting results. 


afta. Sensible care for sensitive skin. 


æ 


afta 


PRE-ELECTRIC TRIC 
SHAVE LOTION 


= = — 


“Say, Smokey—” 


Aclinic on cars by Smokey Yunick, America’s most famous mechanic 


Knock-out 


T’ve been experiencing an engine knock 
problem with the two-liter engine in 
my 1987 Pontiac Sunbird SE. The noise 
sounds like gurgling and occurs most 
often when the engine is warm and 
under load. 

Kurt E. Stalhuth, Euclid, Ohio 


Spark knock is what you're hearing. 
Whether it is called detonation or ping- 
ing, it’s the same thing. The fuel you're 
using may not be up to manufacturer’s 
specifications and can’t handle the com- 
pression. In your car the air-fuel ratio 
and spark timing are computer con- 
trolled and may need a correction in 
the programmable read-only memory, 
or PROM, chip. It’s also possible that 
one of several sensors is malfunctioning 
and providing the PROM with bad in- 
formation on variables such as air or 
water temperature, air-fuel ratio, or en- 
gine load and rpm. There is no way to 
diagnose this problem except with spe- 
cially designed equipment that can 
communicate with the engine’s com- 
puter. All Pontiac dealers—and many 
independent repair shops—have this 
equipment and can correctly diagnose 
the problem. The car’s emission-control 
equipment must also be working prop- 
erly because it too can affect the air- 
fuel ratio. 


Low pressure 


The oil pressure light in my Ford 
Tempo LX takes a long time to go out 
and the valves to stop knocking on a 
cold start-up. Two dealers claim this 
is a normal condition caused by an oil 
bleed-down system in the engine, and 
that no damage to the engine will 
occur. What is your opinion? 
Steve Bednarz 
Schaumburg, Ill. 


All I can say is what I’ve been saying 
for years. I think all engines should 
have oil pressure before starting. An en- 
gine with this type of oil system would 
last a lot longer [“Say, Smokey: What's 
the Car Engine of the Future?” March]. 
Also, the colder it gets, the worse this 
problem gets. 


Advanced pickup? 


Ihave a 1985 Toyota pickup that pings 
under normal load. When I floor the 


accelerator pedal, the engine runs and 
sounds fine. The engine has been doing 
this for 342 years. Every time I take it 
to the dealer, the mechanics set the 
timing and tell me it’s fixed, but it stills 
pings. Should I just buy some ear plugs? 

H.W. Barr, St. Louis, Mo. 


You’ve got an ignition advance prob- 
lem. When you floor the accelerator 
pedal, the amount of vacuum the en- 
gine produces drops, and the ignition 
timing is retarded. At intermediate 
load (between 5 and 14 inches of vac- 
uum) it sounds as if you have too much 
ignition advance. Check the spark cal- 
ibration of the distributor against the 
shop-manual specifications, as well as 
the emissions-control devices and air- 
fuel mixture. 


Tough starter 


My 1983 Pace Arrow Class A motor 
home has a Chevrolet 454W engine 
with 43,000 miles on it. The engine re- 
fuses to turn over when it’s hot, even 
if all of the batteries are intercon- 
nected. When cold, a single battery will 
easily start the engine. 

Clyde Williams, Tampa, Fla. 


Your problem is heat, which reduces 
the starter motor’s power. You should 
do all that is possible to cool the starter 
area: Heat shields and air ducts are 
the best remedy. Insulating exhaust 
headers and pipes also helps. Shorter, 
heavier battery cables and an extra so- 
lenoid connected directly to the field ter- 
minal on the starter can help. All of 
these fixes take time, and it’s hell to 
work in the confined space available, 
but they provide the only relief. 
Slow shifter 
I have a 1983 Datsun with a standard 
transmission. When the car sits idling 
for a couple of hours in zero degree 
weather, the transmission oil gets very 
thick, which makes the car hard to 
shift. After about a mile of driving, 
the oil warms up enough so I can shift 
with normal effort. Can I use a 5W-30 
oil in the transmission rather than the 
80W-90 gear oil that is recommended 
by the manufacturer? 

Larry Best, Blue Grass, Iowa 


Ifyou play around with lube, I'd rather 
see you use automatic transmission 
Continued 
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AND CANYON DRIVE. 


Kelly Cryer performmnn miis. 
Why pay more to own the road? 


Kelly sweetens your week- 
end jaunts with more than 
just performance. 

Sure, our Charger HR 
radials are speed rated to 130 
miles per hour. 

And naturally, they're M+S 
rated for all-season grip. 

They even trounced their competition in a com- 
posite ranking of eight grueling performance tests. 

The kicker is, they're Kellys. 

Which puts your favorite 
roads firmly in the grasp 
of your budget as well as 
your tires. 


A good deal ona great tire. 


“Say, Smokey" honinuec 


fluid that’s light and tough as well. But 
when you experiment be prepared for a 
learning curve. For example, the trans- 
mission seals may leak with a differ- 
ent specification lube. 


Whipped-up Quad 4 


I have a 1989 Pontiac Grand Am 
equipped with the Quad 4 engine. The 
car runs fine except in cold weather 
when a white foam forms on the dip- 
stick. In very cold weather, ice forms 
at the end of the stick, making it nearly 
impossible to check the oil level. The 
dealer and zone manager claim this is 
normal. 

Gary Sawosik, Westford, Mass. 


It sounds as if you’re using the car 
mostly for short runs. All engines ac- 
cumulate moisture when they cool off, 
especially in high-humidity climates. 
Engine heat vaporizes this water and 
very little dilution of the oil occurs. In 
reference to the oil dipstick freezing, I 
would suggest a synthetic lubricant like 
Mobil 1. 


No tow 


My Oldsmobile Delta 88 has heavy- 
duty coil springs and shock absorbers. 
Even so, the car is not able to tow a 
1,500-pound camper without pounding 
the rear occupants with sharp jerks on 
every bump. My 1976 Chevrolet Nova 
with a leaf-spring suspension can do 
the job fine. 

A.J. Schulte, Ocean View, Del. 


I don’t think that coil springs versus 
leaf springs makes much difference in 
towing. Assuming you have springs 
and shocks that are up to the job, your 
car should sit close to its normal angle 
with the trailer attached. It is impor- 
tant:that the tow ball has 15 to 20 per- 
cent of the trailer’s weight on it. My 
guess is that the big difference in the 
two vehicles is the trailer hitch itself. 


Cimarron stall 


My 1987 Cadillac Cimarron with a 
2.8-liter V6 stalls after running for 
about four minutes regardless of 
weather conditions. If I try to restart 
it, blue smoke comes out, in addition 
to a chlorine smell. My dealer says it 
is normal, but my 1982 Cimarron with 
a 1.8-liter engine has never given me 
a problem and runs fine after 189,000 
miles. 

Joe Duran Jr., Hernandez, N.M. 


There is a big difference in the fuel- 
injection systems between your new 


car and the old one. The new one has 
computer-controlled fuel injection and 
a more complex emissions-control sys- 
tem. I can’t specifically tell you what to 
do, but I suspect your engine is being 
over-fueled on cold start-up. My advice 
is to find a General Motors dealer with 
the equipment and schooling to diag- 
nose and repair the car properly. 


Racked to the Max 


I own a 1987 Nissan Maxima with 
38,000 miles on it. I recently lost con- 
trol of the car on a snow-covered park- 
way after the rack of the car’s rack- 
and-pinion-steering mechanism broke 
in two. The underside of the rack was 
blue as if it had been heated with a 
torch. 

Tony Lorenzo, Beachwood, N.J. 


Rack-and-pinion steering is used suc- 
cessfully on most race cars and on many 
production automobiles today. Dur- 
ability has been pretty good, but the 
mechanism is much more fragile than 
frame-mounted worm-and-roller steer- 
ing boxes. Rack-and-pinion steering 
systems are lighter and give better steer- 
ing geometry, I can’t guess as to the rea- 
son for your unit’s failure, but I’m not 
apprehensive about the use of rack- 
and-pinion steering in general. 


Warm Safari 


My 1988 GMC Safari minivan has 
front and rear air-conditioning outlets 
that put out warm air when the out- 
side temperature is above 85 degrees 
F. What should I do? 

Dennis R. Lavers, Ardmore, Okla. 


I think you should check to make sure 
the plenum door closes when you move 
the temperature control lever; you 
should be able to hear it close. Then 
try lowering the setting on the air- 
conditioner pressure switch to increase 
the amount of time the compressor op- 
erates. The only problem is that in 
humid areas this can cause the air con- 
ditioner’s evaporator to ice over. But 
other things, like having a dark-color 
van or driving slow under load, reduce 
the air conditioner’s ability to cope with 
warm weather. The air-conditioning 
system on this van may be too small 
for its application. But bigger isn’t al- 
ways better because an A/C eats lots of 
power, which can affect mileage and 
performance in a big way. 


Got a car problem? Send it to “Say, Smokey—," Popular 
Science, 2 Park Ave., New York, N.Y. 10016. All letters are 
read, and those of widest interest are answered in this col- 
umn. Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication 
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SPEED SENSORS: 


monitor speed / 
and send data to 
control unit. 


STEERING ANGLE 
TRANSFER SHAFT: 
rotates the gears in 
phase control system 
to coordinate front 
and rear wheels. 


CONTROL UNIT: 
gives signals to the 
stepper motor to 
control rear-to-front 
steering angle ratio. 


Mazda innovation 
produces the world’s first 


speed-sensing 
steering system. 


Imagine yourself on an undulating, serpentine 
ribbon of road. Now imagine driving it in a car 
engineered with the world's first speed-sensing 
four-wheel steering system: the turbocharged 
Mazda MX-6 4WS. An automobile so advanced 
in its handling capabilities, you may think it’s 
in synch with your every thought. 

Simply put, the connection between you, the 
car, and the road is significantly heightened, 
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-wheel 


because this exclusive Mazda innovation enabl 
all four wheels to steer. Above 22 mph, the rear 
wheels steer in the same direction as the front 
wheels for exceptionally quick response in S-curve 
or lane changes. And that unsettling body motio 
you'd normally feel during these maneuvers is 
reduced. In its place, a comfortable feeling of 
confidence and control. 

Below 22 mph, the rear wheels steer in the 


REAR WHEELS: take their cues from 
front steering angle and speed to turn up 
to 5 degrees in either direction. 


# 


ILVE: applies 
pressure from the power 
‘steering pump to control 
rear steering angle. 


POWER CYLINDER: moves 
the rear wheels with hydraulic 
pressure from control valve. 


opposite direction of the front wheels to provide 
increased maneuverability for situations _. 
such as U-turns and parallel parking. 2a 
The turbocharged Mazda MX-6 
4WS. It takes handling precision, con- 
trol and performance to levels that can 
only be described as “exhilarating.” And more 


importantly, raises your personal driving enjoy- maZzDa 
ment toa level even beyond. “~* 


BY DAWN STOVER = = = 


=== <instant tent 


- \ Two operators 

\ = can erect this por- 

3 table big-top tent 
in 15 minutes, 
claims the French 
company Gillard. 
The 59-foot-dia- 
meter Mobile Space 
comes folded on a 
truck. An elevating 
system lifts and 
unfolds the tent, 
and the truck 
drives out the 
door. Société G. Gil- 
lard, Z. A. rue des 
Peupliers, BP 7, 
77590 Bois-le-Roi, 
France. 


Home dome A 

You and 29 friends can sit in- 
side this 10%-foot-high 16- 
foot-diameter sky dome made 
of polyester scrim. A blower 
fan keeps the lightproof dome 
inflated while the steel-globe 
star projector displays two sky 
shows. Price: $8,500. Ham- 
macher Schlemmer, 147 E. 57 
St., New York, N.Y. 10022. 


< Spot check 


As sunscreen applied over 
these adhesive Sun Spots 
wears off, the spots change 
from yellow to red. That helps 
protect sunbathers from 


burns, says Sun du Jour, 250-L 
Touch tones A - è Corporate Blvd., Newark, Del. 


Each of the eight fingertips 19702. A 10-pack costs $3. 
on these gloves plays a dif- 
ferent note when tapped. 
Sounds come out of speakers 
on top of the battery-oper- 
ated Musical Hands ($23 a 
pair). Majon International, 
23135 Samuel St., Suite 7, Tor- 
rance, Calif. 90505. 


< Primed for flight 


Serial number NC-4, the first 
production Starship, leaves 
Beech Aircraft Corp.’s comple- 
tion center for a flight test. The 
all-composite business turbo- 
prop received a powder-blue 
primer coat instead of the 
greenish zinc-chromate primer 
used on metal aircraft. 
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Potato chips > 


Scottish inventor 
George Anderson tests 
a potato-sized device 
he designed to mea- 
sure the bruising real 
potatoes receive dur- 
ing handling. Data 
from sensors on the de- 
vice are stored inter- 
nally on microchips for 
later display. A smaller 
device tests for dam- 
age to apples. 


Pilot’s planner A 


The safest route to and 
' from a target is dis- 
played on a U.S. Air 
Force control system in 
the cockpit. The route 
was mapped out by the 
Pilot's Associate, a net- 
work of sensors and 
data processors that 
helps aircraft avoid 
missiles. 


daana 


High strung A 


Most stunt kites are flown on 
two strings—one for e: 
hand. To perform tricks, ki 
fliers pull on the handles. Not 
so for the $220 Neos Omega 
Revolution 1, which has twice 
as many lines a normal 
stunter. The kite’s handles pi- 
vot, making the kite revolve, 
move backward as well as for- 
ward, or stop in midair, says 
Into The Wind (1408 Pearl St., 
Boulder, Colo. 80302). 


< X-rays to go 


The Xi Scan 1000 is the first 
commercial hand-held radio- 
graphic and fluoroscopic im- 
aging device, says Xi Tech Inc., 
a medical technology firm that 
claims the $18,000 system of- 
fers the same image quality as 
hospital systems costing up to 
10 times more. The eight- 
pound machine could be used 
by podiatrists, veterinarians, 
orthopedic surgeons, sports 
teams, and military field units. 


Big screen > 
Laser beams from this 
control center are pro- 
jected onto the spillway 
and surfaces of Wash- 
ington’s Grand Coulee 
Dam. The laser light 
show, with music and 
sound effects, was slated 
to open on Memorial 
Day weekend. 
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BY WILLIAM J. HAWKINS 


Good listener > 

Speech recognition isn’t 
new to cellular phones. 
Say a name, and the 
speaker-dependent phone 
is trained to know your 
voice and dial the num- 
ber. But Uniden’s future 
phone is speaker indepen- 
dent. No training is need- 
ed, and anybody can dial 
just by saying a name or 
speaking the number. 


<3-D entry 
Push, pull, yank, and twist—the Spaceball enters your 
hand movements into a computer as three-dimensional 
computer-aided-design instructions. Spatial Systems, 
472 Old Bedford Rd., Concord, Mass. 01742; $2,950. 


Two-eyed camera > 
Des A second CCD camera on 
Panasonic’s PV-535 cam- 
corder lets you record two 
images at once for special 
effects. The second image 
can be inset in the corner of 
the first, or the two images 
can be blended together in 
one picture. Price: $1,700. 


ics. Price: $230. 


A-V to go > 

It’s an audio-video system for your briefcase or 
desk: Magnavox’s AM-FM-FM stereo radio includes 
a three-inch LCD color TV. Connectors let you use 
the screen as a video monitor too. $449. 


<4Less than cordless 


This cordless phone has memory dialing, hold, a speaker 
phone, and a two-way hands-free intercom. What doesn’t it 
have? An antenna. The clumsy rod has been removed, but 
without a loss in distance claims the maker, Cobra Electron. 


< Memo taker 


Sony’s TCM-27 adds the date, 
time, and a five-character 
title to a recording. When the 
cassette is played, the infor- 
mation is shown on the ma- 
chine’s LCD. A new title can 
be made every eight seconds, 
and an indexing system lets 
you find any segment quickly. 
Price: $160. 
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“ITS 


WHY BUY A NEW CAR 


SLIPPERIER 
THAN , 
TEFLON” 


WHEN YOU DON’T HAVE TO? 


You've seen the price of new cars...they 
go up every year! Cars get flimsier ... 
prices get higher...it never seems to end. 
There are lots of reasons to keep that nice 
car of yours on the road as long as pos- 
sible. 

Now it's easy to make your engine run 
better, last longer. Just add TUFOIL to 
the crankcase. You don't have to shake 
the container or add an engine flush. Just 
pour it in and drive away. 

Your throttle will get silky smooth ...ac- 
celeration will improve. One customer 
said his car "takes off like a scared rabbit!" 

TUFOIL works wonders for all known en- 
gine oils. It's actually slipperier than 
Teflon®. (according to a famous US 
goverment laboratory.) 

You'll get astonishingly fast starts on 
cold mornings with both diesels and gas 
engines. The Canadian government 
tested TUFOIL at it's cold regions lab. 
They showed faster cranking and sig- 
nificant fuel savings with TUFOIL. 

| keep getting telephone calls from 
owners of very expensive German 
diesels wanting to buy stock in our com- 
pany, They say their diesels are ac- 
celerating like nothing they've ever seen 
before. One said he doesn't have to down 
shift any more on an annoying hill in his 
area. 

Your car can have more power like 
that too. 

What about additives that claim to be 
‘one time treatments that will last the life of 
an engine? Well, I've been following the 
scientific literature on lubrication for a very 
long time. As far as | know, there isn't a 
shred of scientific evidence for such a 
claim. So don't believe it! 


USE Tutoil i 
AND YOUR ENGINE 


WILL LAST... AND 
LAST...AND LAST! 


TRY ONE 8 OZ BOTTLE OF TUFOIL 
FOR 30 DAYS OR 1000 MILES 

If you don't notice quieter-smoother 
operation,quicker starting,snappy ac- 
celeration.Just send us proof of purchase 
with a note describing the year and make 
of your car.We'll refund your money im- 
mediately- 

Send for TUFOIL today and prove to 
yourself the amazing increase in your 
car's performance. Fill in the coupon 
today or call TOLL-FREE any time, 24 
hours a day. 


1-800-922-0075. g 
(in New Jersey, call 201-825-8110.) 


Stay in tune with your carl 

Engines last longer with TUFOIL.. Our 
1976- 476 T-Bird is now at 190,000 miles 
and purring. 

A bunch of customers’ cars have now 
passed 250,000 miles. 

Several months ago, a nice man I'd 
never seen before walked into my office, 
big smile on his face, sat down and said, 
‘Would you believe 340,000 miles on a 
Tufoil engine? He went on to rave about 
how well his engine has been running all 
these years. | couldn't get a word in 
edgewise. 


It made me very proud. 

Recently, a truck driver called in with 
over 1,000,000 miles on a diese! using 
TUFOIL - Wow! 

A customer from Vermont added 10% 
TUFOIL to his sticky mechanical trans- 
mission, called in and said he couldn't 
believe it..."Shifting is like slicing butter 
now!", he said. 

SAAB owners are writing letters praising 
TUFOIL in their "NINES" magazine. They 
report spectacular improvements in their 
engines and transmissions! 

Don't forget! TUFOIL is the result of 
over 15 years of research and develop- 
ment. The U.S. government has 
awarded us 6 patents so far...so have 
Germany, England, France and Canada. 


One customer put 
"You can hear it...you can feel it!" 


it nicely when he said, 


PS--Our loyal customers wrote this ad 
for us. Its full of their comments ! 


Thanks | 


FREE... Products based on TUFUIL technology. Check | pan, 
| one with each order of 2 bottles or a quart. Check 2 for each I 
| gallon order. Values range from $3.98 to $9.95. 


{ O TUFOIL Gun-Coat — Super rust inhibited, smooth action l 
O TUFOIL Compu-Lube — Low viscosity for computer | 


rush my TUFOIL order: 

O ONE 8 oz. bottle... treat one car for 
$14.25 (plus $3.50 shipping and 
handling). See money back 


mechanisms 
O TUFOIL Lightning Grease — Easily sheared grease for l guarana, 
instruments O TWO 8 oz. bottles... treat two cars 
! O TUFOIL Lubit-8 — General purpose, household use | for $25.00 (plus $4.00 shipping 
| lubricant I and handling) SAVE $6.00 
| EREE brochures... 
O 30 Questions/Answers about TUFOIL l O ONE Quart bottle . . . treat 4 cars 


O “Fun with Superconductors"—we're leading that field | for $34.95 (plus $4.00 shipping 


too! and handling) 
See NASA Tech Briefs for technical details, 
I 1986, 1987 and 1986. D ONE GALLON... treat 16 cars for 
jworamics, Inc. $125.00 (plus $6.00 shipping and 
VONE 99, TM. of Cl Americas inc handling) 


We ship within days! 
Lo DE AORA barat and poncki *over the single bottie price BIG SAVINGS 


Fluoramics, Inc. +s: 
103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 


My check or money order for $ is enclosed 
Charge my credit card: 
O AmExpress O MasterCard 


O Visa 
Card No. 
Exp. Date 


Name 

Address 
City 
State Zip 


(N.J. residents please add 6% sales tax). Canadians: 
Call for the name of our Canadian distributor. 


I 
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BY V. ELAINE GILMORE 


Underwater weeder A 


You can give aquatic plants a quick 
haircut with the Water-Weeder. Its stain- 
less-steel blades, powered by a 12-volt 
battery, cut a four-foot swath. The eight- 
foot shaft can be extended to 12. Base 
price: $300. Waterside Products Corp., 
Box 876, Lake Mahopac, N.Y. 10541. 


Bench addition A 


Delta, best known for heavy-duty sta- 
tionary tools, expands its line of bench- 
toppers with a new 84-inch table saw— 
big enough to cut a 2x 4, even with the 
blade at 45 degrees. The 13-ampere 
4,500-rpm motor means fast and effi- 
cient cutting, it’s claimed. Delta Inter- 
national Machinery Corp., 246 Alpha 
Dr., Pittsburgh, Pa. 15238. $321. 
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One-horse pro A 

AEG has introduced its first profes- 
sional router: a “inch plunge router 
with a 6.5-ampere motor, Features: a 
ble in 0.5-millimeter 
indle lock for easy bit 
changing, a lever to release or lock the 
plunge depth, and more. Price: $278. 
AEG Power Tool Corp. aw’s Cove, 
New London, Conn. 06320. 


<Workbench to go 


The Bench N’ Vise workbench has pop- 
out vises and pegs, so you can use the 
top as a worktable or sawhorse. The 
model 1042 ($50) is shown; three other 
models have different top, vise, and peg 
configurations. All four fold for portage 
and stowage. Ashton Products, Box 443, 
Lisbon, Ohio 44432. 


Two-way router table V 
With your router motor mounted un- 
der the table of Shopsmith’s Routing 
System (as shown) you can use it like a 

mounted on the arm 
you have a pin router (with a safe view 
through the plastic shield). The system 
is $399. Router (not included) must be 
round, 2’ to 4 inches in diameter, and 
no more than three horsepower. (Fence 
and Featherboard shown are optional.) 
Shopsmith Inc., 3931 Image Dr., Dayton, 
Ohio 45414-2591. 
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Halogen heater > 


The bright red disc is a hal- 
ogen burner [“Cooking with 
Halogen,” May], and the Blan- 
co cook top has four of them. 
With halogen, unlike other 
electric burners, full heating 
capacity comes on immediate- 
ly, with an infinite range of 
settings. This is the first such 
top to be UL-approved, says 
Blanco America, 1001 Lower 
Landing Rd., Blackwood, N.J. 
08012. Price: $975. 


Realistic river rock A 

You'll have to look twice—or 
more—before you realize it’s not 
real stone. Made of portland ce- 
ment, mineral oxide colors, and 
special aggregate, this light- 
weight “rock” uses the latest in 
concrete mixing and molding 
technology, says Eldorado Stone 
Corp., Box 27, Carnation, Wash. 
98014; $2.75 a square foot. 


Soft-edge ceramics > 


Italian-made Pillow-Edge ceramic tiles 
have a slightly rounded surface with 
bull-noselike edges, which give them a 
cushioned appearance. The contoured 
edges make setting easier, says the 
maker, because slight alignment mis- 
takes are imperceptible. Huntington/ 
Pacific Ceramics, 5204 Airport Freeway, 
Fort Worth, Texas 76117. 


<Plug-in safety 

Plug Shock Sentry into a two- or 
three-wire outlet, and you get ground- 
fault protection without any rewiring, 
says Eagle Electric Manufacturing Co. 
(45-31 Court Square, Long Island City, 
N.Y. 11101). The module is said to be 
able to detect an abnormal flow of 
current between the hot and neutral 
wires in a circuit and immediately cut 
power to its three outlets. Price: $20. 


V New-tec 


h molded sinks 


What’s different 
about this kitchen 
sink? It’s made of 
Asterite, a dense 
polymeric dispersion 
that until this year 
was available only in 
Europe and Japan. 
According to the 
manufacturer, the 
acrylic material is 
stain-, chip-, and 
scorch-resistant— 
able to withstand 
temperatures up to 
360 degrees F. Sinks 
from such companies 
as Spring Ram Amer- 
ica (shown), Acriform 
International, Cam- 
brian Collection, and 
Waltec Sinkware are 
made of Asterite. 
Manufacturer: ICI 
Americas Inc., Wil- 
mington, Del. 19897. 
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SURGEON GENERAL'S WARNING: Smoking 
By Pregnant Women May Result in Fetal 
Injury, Premature Birth, And Low Birth Weight 


17 mg “‘tar;"1.1 mg nicotine 
i per cigarette by FTC method. 
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PLAYING DICE WITH 
EARTH’S CLIMATE 


= 5 r ý B 
“Were loading the climate dice,” says James E. Hansen. His testimony before a U.S. 
Senate committee last year capped more than 15 years of urgent warnings from climatol- 
ogists who say mankind is altering Earth’s heat balance by loading the atmosphere with 
increasing amounts of carbon dioxide and other gases. The result: global warming due to 
an accelerated greenhouse effect. Politicians are finally beginning to take notice, spurred 
in part by the deadly summer of ’88. But has it taken too long to wake up to the problem? 
Part I of this series goes to the experts to assess the nature of the threat. Is it real, or is 
the story just media hype? In coming months Part II will examine the little-told science 
behind the greenhouse effect. Part III will show what we can do to slow the change and 
prepare for the inevitable worldwide shifts in climate. 
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he dice James E. 
Hansen keeps in his office are most pe- 
culiar. It’s not just that they’re big 
—maybe four inches on a side. They’re 
also multicolored. One of them, he says, 
stands for Earth’s climate from 1950 
to 1980. Two of the die’s faces are white, 
for an average summer; two sides are 
blue, for a colder-than-average sum- 
mer; and two sides are red, for a hotter- 
than-average summer. Roll that die, 
and the odds on an average, a colder, 
or a hotter summer are equal—one in 
three. 

But the other die, representing the 
climate he projects for the 1990s, has 
four red faces. Roll that die, and the 
odds on hotter-than-average summers 
double. We are not only playing dice 
with Earth’s climate, he suggests, but 
the dice are loaded. The reason: Man- 
kind is accelerating the greenhouse 
= effect in a dozen complex ways, from 
the burning of fossil fuels to cattle 
ranching. 

Hansen is the director of NASA's 
Goddard Institute for Space Science 
Studies, headquartered at Columbia 
University in New York City. It was 
his testimony before the Senate Energy 
and Natural Resources Committee one 
year ago that jolted both the political 
and scientific communities. Tempera- 
Š ture records going back.a hundred 
2 years, he said, have increased by about 
one degree F, and the warmest five 
years of that century have occurred in 
the 1980s. Hansen said that he was 
99 percent certain the abnormally high 
global temperatures of the first five 
months of 1988 were due to human in- 
tervention producing an accumulation 
of greenhouse gases. 

“It’s time to stop waffling so much,” 
he announced, “and say that the evi- 
§ dence is pretty strong that the green- 
house effect is here.” 

Hansen's remarks had all the more 
impact because they came in the midst 
of an ongoing spell of abnormal and 
sometimes devastating weather world- 
wide. The day that he spoke, June 23, 
1988, the temperature in Washington, 
= D.C., set a new record for the date— 
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99 degrees F. And the remainder of 
the summer left indelible mementos: 
drought, heat waves, floods (see box, 
1988: A Summer to Remember). 

When the year ended, the Goddard 
temperature data were confirmed and 
extended. In February scientists at the 
British Meteorological Office and the 
University of East Anglia’s Climatic 
Research Unit reported that 1988 was 
the world’s hottest year since reliable 
records began to be kept almost a hun- 
dred years ago. The East Anglia group, 
like Goddard, monitors world climate 
year by year. They use surface data 
gathered from thousands of interna- 
tional stations on land and on ships at 
sea. 

Moreover, the British scientists said, 
the six hottest years of the century all 
fell in the decade of the 1980s. In de- 
scending order, they were 1988, 1987, 
1983, 1981, 1980, and 1986. The aver- 
age global temperature in 1988 was 
0.612 degree F higher than the 1950 
to 1979 average, which meteorologists 
use as a baseline for comparison. 


ere the striking temperature 

patterns of the ’80s and the tu- 

multuous climatic events of 
1988 in fact the result of greenhouse- 
induced global warming? Or were they, 
as one scientist joked, an “infrared 
herring?” 

The answer is: A) It’s impossible to 
tell with complete certainty, and B) It 
really doesn't matter. Whether it’s re- 
sponsible for a given summer or not, 
the greenhouse effect is a fact of 
Earth’s life. Most scientists agree that 
continued global warming is inevita- 
ble and the implications are ominous. 

Mankind seems to be faced with 
such an onslaught of environmental 
insults—acid rain, the ozone hole, toxic 
waste, deforestation, radon infiltration, 
desertification, pesticide runoff, radio- 
active residues—that a contemporary 
Chicken Little could not really be 
faulted for shouting “the sky is fall- 
ing.” Yet none of these threats com- 
pares with unchecked global warming 
in the potential for drastic and perma- 
nent impact on Earth and the life that 
thrives here. 

The greenhouse effect is the phenom- 
enon that keeps our planet warm be- 
cause of the heat-trapping ability of 
certain atmospheric gases, notably car- 
bon dioxide, methane, nitrous oxide, 
and chlorofluorocarbons. (These last 
are the same chemicals that are pun- 
ishing the ozone layer.) The gases allow 

Continued 
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shorter-wavelength radiant energy 
from the sun to reach Earth’s surface. 
But they block the longer-wavelength 
infrared radiation that the heated sur- 
face emits. 

Francis P. Bretherton, a climatolo- 
gist, is a former director of the Nation- 
al Center for Atmospheric Research 
(NCAR) in Boulder, Colo., a hotbed of 
research on weather and climate, past, 
present, and future. He is now direc- 
tor of the Space Sciences 
Center at the University of 
Wisconsin. Bretherton says 
that his fellow earth scien- 
tists foresee changes in cli- 
mate and natural vegetation 
within the next 50 years as 
momentous as the total of 
all such changes that have 
taken place over the past 
18,000 years—since the last 
Ice Age. 

“We have just enough time 
left in this century,” Breth- 
erton says, “to understand 
the nature of our home, the 
Earth—to probe its history, 
to grasp the basic principles 
of its structure and opera- 
tion, to gauge the impact of 
human societies on it, and 
to chart its future during the 
coming decades.” 


arth’s climate is far from 

stable. Climatic changes 

have resulted from a con- 
founding interplay of forces: 
variations in the sun’s en- 
ergy output; continental 
breakups and collisions; vol- 
canic eruptions; an evolving 
atmosphere being modified 
(from oxygen-poor to oxy- 
gen-rich, for example) by co- 
evolving life forms; even as- 
teroid impacts. 

Ice Ages seize the planet 
and then relinquish their 
grip in cycles determined by 
periodic changes in Earth’s 
orbital motions—the Milan- 
kovitch cycles (see diagram). 
For most of the past 600 million years, 
at least, Earth’s climate has been 
milder than it is now. Fossils of ancient 
alligators from the Eocene, 50 million 
years ago, have been found in arctic 
regions. “The fossil evidence shows the 
polar regions were quite warm,” says 
Eric Barron, director of Penn State’s 
Earth System Science Center, “unless 
those alligators had fur.” 

During the Cretaceous period, some 
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100 million years ago, when dinosaurs 
dominated the land, Earth’s climate 
was hot and steamy. Some research- 
ers now believe that high levels of car- 
bon dioxide in the Cretaceous atmo- 
sphere accounted for at least part of 
those conditions. 

In our time, the level of carbon diox- 
ide in the atmosphere has risen from 
315 parts per million to 350 parts per 
million since 1958. Many experts be- 


Top: Climate model computer projec- 
tions of global warming are based on 
NASA Goddard’s Scenario A: 1% per- 
cent increase in atmospheric carbon 
dioxide and three percent in CFCs 
per year, the current rate. James 
Hansen and colleagues call this “busi- 
ness as usual.” 

Bottom: Average global temperature 
has risen about one degree F since 
1900. “Normal” baseline is the average 
temperature for 1950 to 1979. 


lieve that under the pressure of human 
activities it could zoom to 550 parts 
per million by the middle of the 21st 
century. And that alone, several com- 
puter models predict, would raise the 
global average temperature by some 
three to nine degrees F, with the ex- 
treme northern and southern latitudes 
experiencing more heating than the 
rest of the world. 

That temperature increment might 

seem trivial. It is not. The 
$ average world temperature 
during the last Ice Age, 
when vast glaciers covered 
much of the Northern Hemi- 
sphere, was only eight de- 
grees F lower than it is now. 
And during the so-called Lit- 
tle Ice Age, which lasted 
= from 1450 to 1850, the dif- 
$ ference was much less, per- 

haps as little as two de- 
grees F. Yet the change was 
enough to make drastic al- 
terations in both the climate 
and human culture: For ex- 
ample, grain no longer grew 
in Scandinavia. 

“Studies of past climate 
changes can tell us about 
what to expect as things 
heat up,” says NCAR’s John 
Firor. “We learn that even a 
slow change in climate can 
have dramatic effects if it 
continues long enough. As 
the last Ice Age retreated, 
the Earth warmed, slowly, 
for several thousand years. 
This change completely re- 
arranged the face of Amer- 
ica. Tree species that grew 
in Ohio and Michigan had 
to migrate far up into Can- 
ada to find a climate they 
could thrive in, and other 
kinds of trees from the deep 
South moved into Ohio and 
Michigan.” 

But Earth’s atmosphere 
is being changed at an un- 
precedented rate, and the 
changes that most climate 
modelers anticipate will occur at a pace 
far exceeding anything the planet has 
experienced in the past, as far as we 
can tell. 
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concerns Stephen Schneider, head 

of NCAR’s Interdisciplinary Cli- 
mate Systems Section. 

“Tt’s not the absolute magnitude of 

climate change that has me worried 


so much,” Schneider says, “it’s the pace. 
If the world were to be warmed by five 
degrees in 250 years, certainly that 
would constitute a major change. For 
one thing, it might cause a rise in sea 
level. But 250 years is a fair amount 
of time for both humans and natural 
ecosystems to do some adjusting. If it’s 
going to be five degrees warmer in fifty 
to one hundred years, however—that’s 
just incredible. You don’t adapt to that 
readily—it just hits.” 

The consequences of such a rela- 
tively sudden warming cannot be pre- 
dicted with anything close to certainty. 
But the computer models of global cli- 
mate at research centers like NCAR 
are churning out a range of possibili- 
ties, most of them fairly grim: 

Sea-level rise could be the most dev- 
astating. (The term “sea level” means 
the average water level of the world’s 
oceans, bays, tidal rivers, and estuar- 
ies over the period of one year.) It fluc- 
tuates over millions of years with the 
freezing and melting of ice—the eter- 
nal cycle of the Ice Ages. 

At the height of a glacial period, 
much of the Northern Hemisphere is 
covered with sheets of ice thousands 
of feet thick. At such times, during the 
last two million years, sea level has 
been 300 to 500 feet lower than it is 
today. During warm interglacial peri- 
ods much of the ice melts, and the sea 
level generally approximates what it 
is today. During the last interglacial, 
however, the level was some 20 feet 
higher than it is now. 


ver the last 7,000 years, sea level 
has been gradually rising at a 


rate of an inch or two per century. 
But during the last century, as the 
global average temperature rose one 
degree F, the rise in sea level acceler- 
ated to between four and six inches. 
And that could be dwarfed in the rela- 
tively near future. 

Thermal expansion alone (water ex- 
pands when it is heated) could account 
for one or two feet of rise over the next 
100 years. Melting of glaciers and ice- 
caps would add several more feet. Some 
climatologists are predicting a range 
of five to seven feet for sea-level rise 
over the next century. There is already 
some evidence from satellite data that 
polar sea ice has begun to shrink, ac- 
cording to studies at NASA and the 
US. Geological Survey (see satellite 
photo next page). 

One imponderable is the stability of 
the West Antarctic ice sheet. Some 
polar experts have long fretted over the 
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danger of rising temperatures causing 
it to break off and collapse into the sea. 

Doug MacAyeal, a geophysicist at the 
University of Chicago, has been devel- 
oping a computer model to predict what 
might happen in the south polar re- 
gion as a result of an increasing green- 
house effect, and expects to be able to 
make some accurate predictions on 
sea-level rise this summer. But it is pos- 
sible, he says now, that Antarctic warm- 


ing could be as much as 12 degrees F 
in the Antarctic 60 years from now. 
And that, he projects, would be enough 
to detach the West Antarctic sheet, 
with a resulting water-level rise of 20 
feet. 

Let’s hope not. The far more conser- 
vative estimates of sea-level rise that 
most authorities project—say approx- 
imately five to seven feet—will be 

Continued 
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@ Record high temperatures spread across the 
United States. New York City suffers through 
more than 40 consecutive days of abnormal 
heat and humidity. Los Angeles reaches 110 
degrees in September, when even relatively 
cool Seattle breaks 90. An estimated 10,000 
“excess” deaths result from heat stress. 

@ In Moscow it is the hottest summer of 
the 20th century. Muscovites flee the city to 
cool off in any body of water they can reach, 
even polluted rivers and ponds. The number 
of experienced swimmers who drown is more 
than double the previous high for any summer. 

© Widespread drought, reminiscent of the 
Dust Bowl days of the 1930s, results in 30 to 
40-percent reductions in corn, soybean, and 
wheat production in the United States. Total 
loss: at least $30 billion. A report by Stanley 
A. Changnon of the Midwest Climate Center 
and William Riebsame of the Natural Hazards 
Center ranks it as the nation’s third worst 
drought of the 20th century. Says one 85-year- 
old Montana cattle rancher, staring grimly at 
his parched and barren acres: “I've been in 
this country since 1912. I've never seen it like 
this, not even in '34. My God, look at it. It’s 
as bare as a dance floor.” 

© A combination of scorching heat and lack 
of rain plays havoc with water levels. Barges 
are stranded on the Mississippi as water lev- 
els on the Big Muddy sink. The result is major 
disruption in the shipment of bulk commodi- 
ties such as grain, coal, and petroleum prod- 
ucts. And along the shores of the Great Lakes, 
the water recedes so much that beaches 100 
feet wide appear where there were none be- 
fore. An incursion of salt water from the Gulf 
of Mexico threatens the drinking water supply 
of New Orleans. 

@ The high heat and stagnant air conditions 
generate unusually high levels of ozone in the 
lower atmosphere—the worst in a decade ac- 
cording to the EPA. The federal agency's health 
standard for the gas, which can irritate the 
eyes and the respiratory system, is 125 parts 
per billion. Anything higher than that signifies 
what the government terms ‘‘unhealthful con- 
ditions,” under which people with breathing 
problems are urged to reduce physical activ- 
ity. In the sumer of '88, 76 cities register ozone 
levels at least 25 percent above that mark. In 
New York City the ozone level reaches 200 
parts per billion on some days. 


i © Power outages plague electric utility sys- 


tems in many parts of the country. On one 
superhot day in Los Angeles more than 400 
electrical transformers blow up, overburdened 
by record demand as air conditioners surge 
on. A downtown area of Seattle endures a 
three-day blackout. Soaring electricity con- 
sumption in New England, the Middle Atlan- 
tic states, and the Midwest confront utility 
companies with demand not expected until 
the next decade and beyond. For them, it is 
already the 1990s. Even companies with ap- 
parently ample reserves of electrical generat- 
ing capacity watch those reserves steadily 
evaporate. 

© Itis the worst summer for forest fires since 
1919. Flames helped by the drought burn 
more than six million acres in the United 
States, a million in Yellowstone Park alone 
—that amount is half the preserve's total area. 
Some 2.2 mil acres of tundra and spruce 
forest burn in Alaska—more than double the 
summer average. 

@ In late August Bangladesh is inundated by 
a massive flood that drowns almost 80 percent 
of its land. More than 25 million people lose 
their homes and are driven to wade through 
swirling polluted waters, with the inevitable 
result of cholera and dysentery epidemics. 
More than 1,200 people are killed outright. 
Bangladesh used to be savaged by such mon- 
sters about once in 50 years. But since 1980 
there have been five “50-year” floods, each 
more punishing than the last.—A. F. 


‘SOURCE: BRITISH METEOROLOGICAL OFFICE AND UNIVERSITY OF EAST ANGLIA 
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indeed difficult enough to deal with. 


M D: buy land in New Or- 


leans,” says John Milliman 

of the Woods Hole Oceano- 
graphic Institution. Low-lying cities 
like the Big Easy and Miami would be 
inundated by a three-foot rise, which 
some predict by 2050. U.S. cities on the 
East and Gulf Coasts are especially 
vulnerable, because much of those 
coastlines are sinking six to 
eight inches a century. 

The U.S. Environmental 
Protection Agency estimates 
that a six-foot sea-level rise 
would destroy as much as 
80 percent of this country’s 
coastal wetlands, which are 
vitally important to the nur- 
turing of fish and shellfish 
populations. A mere one-foot 
rise will erode 100 to 200 
feet of beach front, wiping 
out many barrier-island com- 
munities that have built con- 
dos and hotels close to the 
ocean. With a rise of five 
feet, the EPA states, areas 
in Charleston, S.C., that are 
now flooded once in a cen- 
tury by storm surges will be 
flooded every 10 years. 

Major cities the world over 
will face similar problems 
—Bangkok and Venice are 
obvious examples. 

If by 2050 the Florida Keys 
“will no longer exist,” in the 
words of Elton J. Gissen- 
danner, past executive direc- 
tor of the Florida Depart- 
ment of Natural Resources, 
then around the world en- 
tire nations may face major 
disruption or even near or 
total extinction. One of them 
is Bangladesh, 80 percent of 
which is a vast river delta. 
John Milliman sees a worst 
case scenario for Bangladesh 
in which 38 million of its 
inhabitants will be forced 
to relocate by 2100. By 2100 
in Egypt, up to 26 percent of habitable 
land could be under water. 

As for the Maldives, a tiny island 
nation made up of some 1,200 atolls 
with a maximum height of six feet— 
they will simply disappear under a 
seven-foot rise. And a storm surge after 
even a three-foot rise, says Maldivian 
President Maumoon Abdul Gayoom, 
would be “catastrophic and possibly 
fatal.” 
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Even the probability of hurricanes 
and other major storms will be en- 
hanced by global warming, some cli- 
matologists predict. At the Climate 
Institute’s Second North American 
Conference on Preparing for Climate 
Change last December, James E. Han- 
sen said that a model of the effects of 
warming on the oceans showed that in- 
creased evaporation would generate 
more vigorous convective currents in 
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Top: Nimbus 5 and 7 satellite images 
of polar sea ice over a 15-year period 
show a significant decline of six per- 
cent in maximum global sea-ice extent, 
corresponding to the world’s average 
temperature rise during that time. 

Bottom: Periodic variations in 
Earth’s orbit and axial tilt, known as 
the Milankovich cycle, result in the 
slow shift of the equinox and solstice. 
One complete cycle takes 22,000 years. 
It is linked to the periodicity of the 
Ice Ages. 
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the atmosphere. The result: storms 40 
to 50 percent more energetic than pres- 
ent ones, with monster hurricanes hur- 
ling winds of 225 mph. 

Tronically, with all this extra water 
will come more dry periods in some re- 
gions. By 2030, Hansen said, the odds 
for severe summer droughts in the mid- 
dle and lower latitudes of Earth would 
rise to one in three, in contrast to 
the 1 in 20 odds characteristic of the 

1950s. 

Æ An EPA report prepared 
for Congress to assess pos- 
sible impacts on four regions 
of the United States—Cal- 
ifornia, the southern Great 
Plains, the Great Lakes, and 
the Southeast—forecast ma- 
jor changes in our forests. 
= Incentral Michigan, for ex- 
ample, sugar maple and oak 
trees could be replaced by 
grasslands. A University of 
California at Santa Barbara 
study suggests that an in- 
creasingly dry and warm cli- 
mate will nudge forests in 
eastern North America grad- 
ually northward. Spruce, 
pine, and fir trees will aban- 
don the upper Midwest for 
* Canada. The head of the 
UCSB study, Daniel B. Bot- 
kin, reported to the Amer- 
ican Association for the 
Advancement of Science last 
January that “If the climate 
warms as rapidly as current- 
ly predicted, there will be vis- 
ible and dramatic changes 
in US. forests within most 
of our lifetimes.” 


eat waves? Of course. 
Stephen Schneider 
uses the loaded-dice 
analogy that Hansen does, 
but with many more faces. 
“Let’s think of a summer's 
climate as being the result 
of a roll of a pair of dice by 
nature,” he says. “And let’s 
assume there are 1,200 faces 
instead of twelve: warm ones, cool ones, 
wet ones, dry ones, and so on. If the 
world is going to warm up—and warm 
up rather suddenly and drastically, as 
most scientists believe—then that will 
have the effect of erasing some of the 
cooler faces and replacing them with 
hotter ones. And we also may be replac- 
ing wetter faces with drier ones, ac- 
cording to some projections.” 
The result of loading the dice, Schnei- 
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der says, can be put in terms of the 
probability of heat waves: For exam- 
ple, the odds of getting five or more 
days in a row with maximum temper- 
atures above 95 degrees in Washing- 
ton, D.C., are now about one in six. If 
the average global temperature goes 
up three degrees F, the odds rise to 
nearly one in two. And in Dallas, the 
odds of five or more days of 100-plus 
heat in July go from one in three to 
two in three. The dictum for the next 
century, one expert suggests, might be, 
“If you can't stand the heat, get out of 
Saskatchewan.” 

Schneider has been sounding the toc- 
sin about the greenhouse effect and 
global warming for the last 16 years, 
much of the time to polite yawns. Now, 
ever since the spring of 1988, he and 
many of his colleagues have received 
the respectful attention of politicians 
and planners, and been near canonized 
by the media. 

“It’s like applying to college,” Schnei- 
der says. “The worst of all worlds is 
not to get any offers. The second worst 
is to be accepted by all six. 

“I like the dice metaphor,” he says, 
“because it says that in any one case 
of nature rolling the dice, such as the 
U.S. climate anomaly of 1988, it’s im- 
possible to know definitely whether it 
is a random, extreme fluctuation or ev- 
idence that we have loaded the dice.” 

In fact, one of Schneider’s colleagues 
at NCAR, Kevin Trenberth, has theo- 
rized that the Midwest’s drought of 
1988 was specifically linked to a natu- 
rally occurring cycle of water-temper- 
ature changes in the equatorial Pacific 
Ocean. 


eriodically, an abnormally warm 

stretch of surface water appears 

in this region and upsets weather 
patterns around the world—causing 
rain in the bone-dry Atacama Desert 
of South America, for example. The 
phenomenon is called El Niño, or lit- 
tle boy, by association with the Christ 
child; it often occurs around Christ- 
mastime. 

Recently, climatologists learned that 
El Niño is actually part of a cycle, al- 
ternating with periods of abnormally 
cold equatorial Pacific water, a phe- 
nomenon they have dubbed variously 
La Niña (little girl), El Viejo (the old 
one), or just plain “cold cycle.” It was 
an unusually severe cold cycle, Tren- 
berth believes, that shoved the jet 
stream far north of its usual spring and 
summer path, so that rain-bringing 
thunderstorms were steered across 
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Canada rather than the Midwest. 
Even if this theory proves to be cor- 
rect, Schneider says, the greenhouse 
effect and subsequent global warming 
could tilt the balance, making cold- 
cycle droughts and heat waves more 
severe than they would otherwise be. 
“And no, we can’t pin one hot summer 
on the greenhouse effect. If you roll 
snake eyes three times in a row, is it 
just bad luck or does it prove the dice 


this possibly unconnected event has 
brought us to the right level of con- 
sciousness about the problem, a level 
that should have been reached about 
fifteen years ago. The point is that 
there is no controversy—none—about. 
the existence of the greenhouse effect. 
It’s the best established theory in the 
atmospheric sciences.” 

As evidence, there is the Goldilocks 
phenomenon: the wildly differing con- 
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Massive sheets of ice like this Bering glacier would contribute to sea-level rise as 
the temperature rose. Ice covered much of North America during the last Ice Age. 


are loaded?” But Schneider thinks the 
rise in global average temperature over 
the past century and the record heat 
of the 1980s are persuasive. 

When the East Anglia University’s 
Climatic Research Unit confirmed that 
1988 was indeed the hottest year of the 
century, the British experts took a 
fairly neutral position. David Parker 
of the British Meteorological Office 
said that although the observed heat- 
ing was “consistent with the green- 
house effect caused by the rise of car- 
bon dioxide and other man-made gases 
in the atmosphere... the Earth’s 
temperature fluctuates considerably 
due to natural causes, and no unam- 
biguous connection can yet be made.” 
Nevertheless, he noted, not all of the 
record-breaking warmth of 1988 could 
be accounted for by such a random 
variation. 

“The irony,” says Schneider, “is that 


ditions on three neighbor planets: 
Mars, Venus, and Earth. The atmo- 
sphere of Mars is about 95 percent 
carbon dioxide, but it is exceedingly 
tenuous, more than 100 times thinner 
than Earth’s. So little of the sun’s heat 
is trapped by the atmosphere that the 
planet is colder than a deep freezer. 
Winter at the Martian poles brings 
temperatures of minus 180 degrees F. 
That’s too cold for life. 

Venus lies at the other end of the 
gamut. Its atmosphere, 97 percent car- 
bon dioxide, is very thick. The pres- 
sure at the Venusian surface is 90 
times Earth’s. As a result, Venus has 
been called a “runaway greenhouse.” 
If Mars is like a deep freezer, Venus 
basks in the temperature of a self- 
cleaning oven, about 900 degrees F— 
too hot for life. 

“Now,” says Schneider, “look at the 

Continued 
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Earth, that lovely blue ball with its 
envelope of clouds and liquid water on 
its surface. The composition of its at- 
mosphere gives just the needed green- 
house effect. Not too cold, not too hot, 
Earth is just right—like the porridge 
Goldilocks finally ate. 


aah Y the greenhouse effect ex- 


plains the climates of the 

three planets. It explains why 
Earth is equable for life. The only con- 
troversy is whether small increments in 
the contents of the greenhouse gas en- 
velope of Earth will make the climate 
one or five degrees warmer, whether a 
given increase is going to take twenty 
years or 120 years, whether it’s going 
to get drier in Iowa or hotter in India— 
and ultimately, what to do about it.” 

The reason for large uncertainties 
in pinning down both the time scale 
and the precise nature of climate 
changes for specific regions of the world 
is that global climate models are not 
refined enough, and the computers 
they run on are not powerful enough, 
to cope with the hideous complexities 
of the problem. Nor have researchers 
been acquiring enough data, especially 
from the oceans, to fine tune the mod- 
els, which now can only give crude ap- 
proximations of a monstrously complex 
global system. 

“We are working,” says 
Schneider, “with some pretty 
cloudy crystal balls.” 

Cloudy or not, the climate 
models and most modelers 
agree on the overall impact 
of the greenhouse effect. 
There is no way to reverse the 
effects of adding greenhouse 
gases to the atmosphere. But 
there are ways to slow the 
pace of atmospheric change, 
including changes in the way 
society generates and expends 
energy. Last February, for ex- 
ample, an international con- 
ference on global warming 
held in India recommended a 
tax on gasoline and other fos- 
sil fuels in Western coun- 
tries, which are the major 
users of non-renewable en- 
ergy resources. 

Controlling the rampant 
destruction of tropical forests 
in the Third World to provide 
grazing land for cattle would 
also be helpful: That practice 
spews carbon dioxide into the 
atmosphere when the trees 
are burned; eliminates the re- 


—_  \—— 
GLOBAL WARMING 
iw 


moval of carbon dioxide from the at- 
mosphere by those self-same trees; and 
multiplies the generation of methane 
(in the digestive systems of cows). The 
other side of that coin is to plant more 
trees—lots more. (These issues will 
be discussed in Parts II and III of this 
series.) 

US. lawmakers have already begun 
to press for some remedial measures. 
In February a bill entitled “Global 
Warming Prevention Act of 1989” was 
introduced in the House of Represent- 
atives by Claudine Schneider and 50 
cosigners. It was similar in many ways 
to earlier bills proposed by Senators 
Timothy Wirth and Albert Gore, call- 
ing for, among other things, a 20-per- 
cent cut in carbon dioxide concentra- 
tions by the year 2000, elimination of 
CFC production within five to seven 
years, tax incentives for fuel-efficient 
cars, hundreds of millions of research 
dollars for renewable energy resources, 
and increased U.S. support for family 
planning services in Third World 
countries. 


Ihatever the options, there is a 
growing sense of urgency about 
doing something now, not wait- 
ing for another 10 years or so for “con- 
crete proof” that we may be wreaking 
irremediable harm on our planet. 


“There’s not going to be a bell that 
rings and announces ‘greenhouse de- 
tected, ” says Schneider. 

One sample of the growing consen- 
sus came from a major international 
conference held in July 1988 in Toronto 
called “The Changing Atmosphere: Im- 
plications for Global Security.” 

Its closing statement read, in part: 
“Humanity is conducting an unin- 
tended, globally pervasive experiment 
whose ultimate consequences could 
be second only to a global nuclear 
war. The Earth’s atmosphere is being 
changed at an unprecedented rate by 
pollutants resulting from human ac- 
tivities, inefficient and wasteful use of 
fossil fuels, and the effects of rapid pop- 
ulation growth in many regions. These 
changes represent a major threat.” 

This May, another international 
gathering of government officials, sci- 
entists, and industry representatives 
—called the “Forum on Global Change 
and Our Common Future”—was held 
in Washington, D.C. It was sponsored 
by the National Academy of Sciences, 
Smithsonian Institution, the Amer- 
ican Association for the Advancement 
of Science, and Sigma Xi. In a keynote 
address, Norway’s Prime Minister, 
Gro Harlem Brundtland, said, “The 
threats to the global climate prove that 
if everyone does as he pleases in the 
short run, we will all be losers 


in the long run. We need to 
develop a more global mental- 
ity in charting a course to- 
ward the future, and we need 
sound scientific advice and 
firm political and institution- 
al leadership.” 

And in a poignant letter 
last August to the British 
journal Nature, F. Kenneth 
Hare, chairman of the Cli- 
matic Planning Board of Can- 
ada, warned that there will 
never be proof absolute enough 
to persuade every doubter that 
a buildup of greenhouse gases 
is directly responsible for 
global warming. But as a sci- 
entist and adviser to his gov- 
ernment, he wrote, “Ican and 
do tell them that they should 
base their environmental 
planning on the assumption 
that the greenhouse warming 
will continue and accelerate. 
There will always be conser- 
vatives who decline to go this 
far. At the age of sixty-nine 
I can no longer afford to be 
conservative.” 
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Researchers are refining a 
super-sensitive radar device 
that can detect heart and 
breathing movements. Pos- 
sible uses include locating 
earthquake or avalanche vic- 
tims, finding terrorists or 
fugitives, and pinpointing 
battlefield wounded. 


LIFE 


’m sitting behind a red-brick wall in 

a Michigan State University labo- 

ratory in East Lansing. A breadbox- 

size radar system beams weak mi- 

crowave energy at me through the 

bricks. “Hold your breath,” electri- 
cal engineering professor Kun-Mu 

Chen tells me. “Now breathe nor- 

mally again,” he says seconds later, 
so that his instruments will capture 
different readings. 

Then Chen shows me the results 
—spiked waveforms on graph paper. 
“Here’s your breathing and heartbeat,” 
he says, pointing to a tall string of 
spikes. “And here’s just your heart- 
beat,” says Chen, indicating smaller 
waveforms. 

Chen's life-detection system, devel- 
oped with his students, uses ordinary 
low-power radar transmitter-receivers. 
Radar echoes from a person's skin sur- 
face are phase shifted (changed com- 
pared to a reference oscillator signal) 
by breathing vibrations or heartbeats. 
This modulation of the radar signal is 
displayed as periodic waveforms. De- 
tectors use frequencies in the gigahertz 
(billion-cycle) range. “In experiments 
at ten gigahertz,” Chen says, “we've 
been able to detect persons as far as 
three hundred feet away.” At that radar 
frequency, detectors might help medics 
to locate battlefield wounded, or nurses 
to monitor the breathing and heart- 
beats of hospital patients without hav- 
ing to enter their rooms. 


DETECTOR . 


By GODE DAVIS 
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Life detectors operating at two gi- 
gahertz could help rescue earthquake 
survivors beneath five feet of rubble. 
Radar sensors would also let police 
spot a fugitive hiding in a warehouse 
or a terrorist behind even the thickest 
walls. 

More research is needed. Current 
laboratory equipment, for one thing, 
is too sensitive. When some of my life 
readings seem erratic, Chen explains, 
“there must be somebody over in the 
neighboring lab. We're picking up his 
life signals too.” Chen and his col- 
leagues are improving detectors so 
they'll pick up fewer of these so-called 
“garbage” echoes. “All we need is a 
better antenna,” he says. Right now, 
the ultra-sensitive radar might detect 
life functions of dogs, cats, spiders— 
even the nodding of a grass blade— 
says Chen, “whether you want them 
measured or not.” 


In this artist’s concept, 
a portable life detec- 
tor locates building- > 
collapse victims by 
beaming radar 
through the 
rubble. Echoes 
displayed on a 
screen have a 
rhythmic pat- 
tern, indicating 
that someone is 
alive. 


An extraordinary vessel uses twin outer hulls, a semi-submerged 
main hull, and active bow planes for unusual stability. Innovative 
drag-reduction and propulsion technologies promise high fuel 
efficiency and extended range. The 104-foot prototype, slated for 
a fall launching, could herald a new shape for ocean liners and 
military vessels in the 1990s. 


RI-HULL 


t the Peacock Boatyard in Wil- 

mington, Calif., people line 

up in cars to stare at an odd- 

looking vessel. “They’re 

building her to research 

storm systems off the 

Cape of Good Hope,” goes one rumor. 

The ship, with three side-by-side hulls, 

a long bulbous nose, and an unusual 

cylindrical stern, is a radical depar- 
ture from conventional ship design. 

Some design principles used in this 
novel craft come from jet aircraft en- 
gines. Others, also new to the mari- 
time world, are used to reduce drag, 
boost fuel efficiency, and smooth the 
ride through rough seas. If this pro- 
totype design is applied to aircraft car- 
riers, battle cruisers,andcontainerand 
cruise ships, it could revolutionize ship 
building. 

The strange vessel is the brainchild 
of 74-year-old inventor and business- 
man Calvin Gongwer, who came up 
with the initial idea about 20 years 
ago. “I’m a hydrodynamicist/power- 
plant type,” he explains. “I’ve been 
around so long I eventually got ideas 
how to put a package together that 
would be better than conventional 
ships.” Gongwer financed the striking 
vessel—some $250,000 annually for 
the past eight years —with funds from 
his small marine-propulsion company, 
Innerspace Corp., in Covina, Calif. He 
named the ship S.S.T. Theodore von 
Karman after his teacher and friend, 
the aeronautics pioneer who died in 
1962. (SST stands for Semi-Submerged 
Trimaran.) 

Gongwer’s build-it-yourself project 
demanded ingenuity. As he created 
small models, for example, his 42-by- 
18-foot backyard swimming pool be- 
came a research test basin. “Refrac- 
tion of sunlight through the smooth 
water surface showed distinct wave- 
pattern shadows on the pool bottom,” 
Gongwer explains. “Some of them are 
beautiful.” He analyzed the patterns 
on countless photographs. Gongwer 
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also studied the movements of yarn 
tufts attached to the hulls. Finally he 
perfected a 36-inch-long motorized 
model with minimum drag. 

Work on the full-size prototype be- 
gan eight years ago. The triple hulls, 
with a 17-foot bulbous bow on the cen- 
ter hull, work together to stabilize the 
vessel against roll, pitch, and heave. 
The twin outer hulls, or sponsons, ride 
on the water, acting as outriggers, 
while the main hull, built eight feet 
lower, is deep in the water. 

Built into the tip of the bow for 
maximum effect is another stability 
aid: active bow planes. Initially, they'll 
be adjusted manually through hydrau- 
lically actuated cables to minimize 
pitching. Bow planes will be set “from 
the feel and inspection of oncoming 
seas,” says Gongwer. Later, gyros will 
automatically trim the planes. 

That’s not all. On a vessel brimming 
with innovation, the bow planes have 
another role. This one emerged in the 
mid-1960s when Gongwer invented a 
super-efficient swimming aid called 
the Aqueon. This spring-loaded device, 
shaped somewhat like a model air- 
plane glider, is actuated by kicking 
both legs. To demonstrate it, Gongwer 
raced—and beat—younger Navy frog- 
men. Once he swam 25 miles to Santa 
Catalina Island, towing a lifeguard. 
“These bow planes are a direct scale- 
up of the Aqueon blades, which are 
superbly propulsive,” Gongwer says. 


“So in a pitching sea, a small 
amount of propulsion will 
come from them.” 

In addition to stabilization, 
the hulls and bulbous bow are 

designed to reduce drag in a 

unique way. Gongwer, who studied 

aeronautics for his master’s degree, 
draws an analogy between the vessel’s 
17-foot bow probe and long cones in- 
stalled in front of some supersonic jet 
engines. These cones generate a shock 
wave captured by the jet engine in- 
takes to boost compressor efficiency, 

On his trimaran ship the submerged 
hull probe produces a V-shaped wave 
train that interacts with waves from 
the thicker main-hull bow (see dia- 
gram). Both sponsons capture the 
shock waves from the main hull and 
long bow. Ideally, when they mix, one 
wave is cresting while the other is in 
a trough. “It means we're cancelling 
some of the energy that would ordi- 
narily be dissipated in the wave train 
of the ship,” Gongwer says. 

A computer study at the U.S. Navy’s 
David Taylor model basin in Bethesda, 
Md., suggested that rear extensions 
to the sponsons—up to 16 feet long 
—should enhance the effect. These ex- 
tensions, being added at this writing, 
can be adjusted laterally and verti- 
cally. “We're going to adjust them until 
we get the lowest drag,” says Gongwer. 


Actuator disc propulsion 


The vessel’s stern section is also un- 
usually complex. Instead of tapering 
into the water, the stern afterbody is 
nearly hemispherical. Most stern com- 
ponents—planes, plates, and nozzles, 
for example—are designed to maxi- 
mize thrust. 

Naturally the propellers are special 
too. The props are Gongwer’s patented 
actuator discs: Each has eight thin 
blades designed to turn at up to 275 
rpm—about one-third the speed of con- 
ventional propellers. They’ll each de- 

Continued 


A bulbous bow for the triple-hull ship 
(below) is designed to create a wave 
train that aids in drag reduction. A 
metal plate will seal the cone-shaped 
opening formed by the bow-nose 
halves. Front bow planes can be ad- 
justed to minimize pitching of the ship. 
The complex stern section (right) has 
a rounded base and other components 
to boost thrust from the propellers, 
called actuator discs W. Turbulators B 
are small projections to help smooth the 
flow of water around the curved stern 
section. Stern planes E help force 
water over the propellers and, along 
with an anti-aeration plate, E minimize 
air mixing with the water. Other stern 
planes B are foil shaped for lift. Noz- 
zles B help direct water in the propel- 
lers. A conventional rudder @ steers 
the ship. Baffles E aid reversing. 


liver 8,000 to 10,000 pounds of thrust 
by sucking water smoothly around the 
stern’s elliptical surface. Gongwer, in- 
cidentally, also used an actuator disc 
on his two-person human-powered sub 
slated to race in Florida last June 
[“Muscle Subs,” June]. 

Four diesel engines, totaling about 
1,100 horsepower, spin the props. The 
Caterpillar engines are stacked two 
above and two below in the engine 
room. Prop shafts are 6.7 feet long and 
linked to the engines by drive belts, 
another noteworthy Gongwer touch. 

Gongwer’s vessel, built under US. 


Shock waves created by the vessel’s 
submerged bulbous bow and main hull 
are damped by deflecting both of the 
wave trains at opposite angles be- 
tween the sponsons (outer hulls) and 
main hull. Ideally, the waves cancel 
each other. Sponson sterns are bent in- 
ward slightly to optimize this complex 
wave pattern between the hulls. Small 
protruding pyramidlike projections, 
called turbulators, force water around 
the vessel's blunt stern into nozzles 
covering the propellers (below right). 
Designer Gongwer, right, demon- 
strates how these double rows of offset 
turbulators deliberately disrupt water 
flow over the stern. Directing water 
through the propellers this way in- 
creases thrust and efficiency. Propel- 
lers operate in the wake of the vessel. 
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Coast Guard supervision, can weather 
the roughest seas. “A torsion box girder 
was installed to link the three hulls in a 
rigid way,” he says. This powerful struc- 
ture, also used for aircraft wing spars, 
rests on the main deck and is welded 
to the main hull and sponsons. The 
7-by-33-by-45-foot box is topped by the 
pilot house and contains the crew quar- 
ters, galley, and other compartments. 

The ship is slated for launching this 
fall. “We don’t expect to realize our full 
eighteen-knot speed until we have 
about six months of playing around 
and tweaking things,” says Gongwer. 


Underwater observation ports in both 
sponsons will let him view water flow, 
eddies, and wave patterns by inspect- 
ing lengths of test yarn. A diver will 
then adjust components. 

At just over 10 knots, a more com- 
mon hull speed, Gongwer estimates the 
vessel’s 13,500 gallons of fuel could 
take it from Los Angeles to Australia 
and back to Hawaii. The veteran re- 
searcher is already eyeing the 72-per- 
cent boost in speed possible with, say, 
a 300-foot vessel: “If I had my druth- 
ers,” he says, ‘Td be laying the hull 
for a big cruise ship.” LE] 


Calvin Gongwer's half-century career as a 
hydrodynamics research engineer began with 
a mechanical engineering degree from 
Columbia University in 1937 followed by a 
master's in aeronautical engineering from the 
California Institute of Technology. Gongwer’s 
Innerspace Corp., formed in 1963, produces 
underwater motors and his patented thrusters 
used by the U.S. Navy, oil companies, and 
other organizations for undersea work and 
exploration. A paper Gongwer authored 37 
years ago solved the problem of singing 
Propellers, which once disclosed submarine 
positions. He has since received 70 patents 
and a number of awards, including the 
American Society of Mechanical Engineers’ 
1983 Henry R. Worthington medal for work 
that solved design problems of cavitation and 
stall in centrifugal impellers. This formed the 
basis for much of the current design and study 
of centrifugal fans, pumps, and propulsion 
systems. —A.L.C. & J.F. 


NOZZLE HOUSING 
ACTUATORS 


BOB LANGE 


Synthetic slate that looks and performs like the real thing, 
exteriors that look like stucco but insulate from the outside, 
bendable lumber, sound-proof wood floors. Many innovations 
in materials and technology find their way into the home— 
in new building and home-improvement products. Here is 
a collection of some of the most interesting and innovative 
products for improving your house—from roof to basement. 


By TIMOTHY O. BAKKE 
Drawings by Mario Ferro 


f I hadnt known better, I would 

have been fooled. Other staff 

members were fooled when I 

showed them the samples and 

asked, “What do you think this 

is?” They all answered, “Looks 
like roofing slate.” 

It was, but it wasn't. Bill Morrissey, 
director of marketing for Eternit Inc., 
had sent me samples of the compa- 
ny’s fiber-cement roofing. It mimics 
natural slate and offers similar long- 
lasting performance, but costs and 
weighs less. The Eternit slates are 
just one of a burgeoning category of 
modern roofing products made with 
surprising new materials. A new Med- 
iterranean-style roofing tile—like 


Eternit “slate’—is made of fiber ce- 
ment. Two other kinds of tile are made 
of long-lasting lightweight concrete. 
Finally, one of the best roofing mate- 
rials, copper, is married with the latest 
polymer and manufacturing technol- 
ogies in new copper-asphalt composite 
shingles. 

Fiber cement is a remarkable new 
substance that has been developed to 
take the place of asbestos-based ma- 
terials. (Asbestos, of course, is a car- 
cinogen.) It is made with portland 
cement, natural or synthetic fibers, 
silica, and nontoxic additives. 

“We use both synthetic and organic 
fibers like cellulose in our fiber ce- 
ment,” says Bob Nabholz, director of 


engineering for Eternit. FibreCem, an- 
other manufacturer of fiber-cement 
“slate,” and MaxiTile Inc., maker of 
fiber-cement Spanish-style tile, use 
only cellulose. “Fiber cement exhib- 
its properties similar to asbestos 
products—durability, fire resistance— 
without the health hazards,” Nabholz 
told me. “The fiber provides strength, 
and we use amorphic silica for wear 
resistance. The portland cement holds 
everything together. Additives include 
pigments for running color entirely 
through the material.” Fiber cement 
makes for a premium, long-wearing, 
fire-resistant roofing material: Maxi- 
Tile and FibreCem slate are warranted 

Continued 
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ROOFING FELT FIBER-CEMENT SHINGLES 


ELASTO-MODIFIED ASPHALT 
POLYMER-MODIFIED ASPHALT COPPER 


ag 


FIBERGLASS 


for 50 years; Eternit slate for 30. 
All three products are made in Eu- 
rope, but plans are underway for U.S. 
plants. “The manufacturing process 
takes place in four steps,” says George 
Suter, president of FibreCem. “The 
initial mixture resembles cake batter. 
That is run through a machine like a 
paper press. The resulting large sheets 
are dried in an autoclave like those 
used in the pulp industry, then the 
cured sheets are cut to size and 
packaged.” 

The advantages of fiber cement over 
slate and clay are lower weight and 
cost with similar wear- and fire-resis- 
tance characteristics. Its price is ap- 
proximately half that of natural slate. 


Handsome, inexpensive alter- 
natives to natural slate, roofing 
slates made from cellulose or 
mineral fiber, cement, and 
silica look and perform like 

the real thing. Eternit’s black, 
gray, or green slates (top left) 
are installed over roofing felt 
with a four-inch head lap (draw- 
ing). Beaver tail shingles from 
FibreCem (middle) are aptly 
named and give a roof textural 
detail. Mediterranean-style 
MaxiTiles (bottom) come in 
two-by-three-foot sections for 
ease of application and an in- 
stalled weight of only 3.4 
pounds per square foot, much 
lighter than conventional tile. 
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The old-world look of Ital- 
ian-made Prestige shin- 
gles belies the technology 
behind them: Peeled-back 
view shows six composite lay- 
ers of five materials: copper 
foil, elastomeric asphalt, non- 
woven fiberglass, polymer- 

modified asphalt, and silica. 


Where MaxiTile uses fiber cement 
in place of clay in its Mediterranean- 
style tile, Gory Roof Tile and Monier 
Roof Tile use what might be consid- 
ered an unlikely material: concrete. 
The Gory Vanguard Roll tile has a 
special double-roll profile and inter- 
locking design that make for a weath- 
ertight installation using only nails 
and no mortar, The new tongue-in- 
groovelike double-interlocking design 
results in fewer assembly pieces per 
square (a roofer’s measurement—100 
square feet) because it does away with 
the overlapping in conventional tile. 

Monier Styleline tiles have a unique 
feature: unusually smooth, contoured 
eges rather than hard, 90-degree edges 


found in other tiles. The installed look 
is more elegant, as it does away with 
the distinct shadow line between rows 
of tile. Another unusual feature is 
Monier’s ability to computer-blend up 
to four colors in any tile. 

Even traditional high-end copper 
roofing is being updated with new 
technology. The Prestige copper shin- 
gle is a laminated composite of cop- 
per, asphalt, fiberglass, and sand. “The 
base carrier is a waterproof membrane 
of fiberglass impregnated with poly- 
mer-modified bitumen, essentially a 
super-flexible longer-lasting asphalt,” 
says Carmen Simeone, senior vice pres- 
ident of Makielski Reed Corp., the U.S. 
importer. “A new rolling technology 


Mediterranean-look tile takes 
another new form: Vanguard 
Roll roofing is made of a spe- 
cial lightweight concrete. 

Its concealed double-in- 
terlocking weatherproof 
design requires fewer assembly 
pieces per square (drawing 
left) for a 50-year life. 


has enabled the Italian manufacturer, 
Tegola Canadese, to produce copper 
sheeting ten times thinner than ever 
before—eighty microns. This is 
bonded to the base with a super-ad- 
hesive elasto-modified asphalt.” 

The resulting shingle is applied like 
conventional asphalt shingles, so in- 
stallation is much easier than with 
traditional standing-seam copper roof- 
ing. The installed price, at $3.50 a 
square foot, is one-third the cost. 


ROOFING SOURCES 

Eternit, Inc., Village Center Dr., Reading PA 19607; Fibre- 
Cem Corp., 7 Woodlawn Green, Charlotte NC 28217; Gory 
Roof Tile, 1100 Park Central Blvd. S., Pompano Beach FL 
33064; Makielski Reed Corp., 9015 Woodyard Rd., Clinton 
MD 20735; MaxiTile, Inc., 15000 Staff Ct., Gardena CA 
90247; Monier Roof Tile, Box 5567, Orange CA 92613-5567 


tucco is a fine traditional build- 

ing material. But it is labor 

intensive and slow to apply, 

usually requiring three coats 

with a week of curing between 

each coat. And although stucco is 

strong, it’s rigid, which often leads to 

hairline cracking from expansion and 
contraction over time. 

Now a number of new, innovative 

exterior products provide the look of 


stucco, but avoid its problems. They 
include coatings such as Stuc-O-Flex 
from Perma-Chink Systems, exterior 
panel-coating systems like United 
States Gypsum’s Durock Exterior Fin- 
ish and Eternit’s Eterspan, and ex- 
terior panel systems with insulation 
such as Senergy’s Senerfiex, Sto’s 
EIFS, and Ispo Inc.’s R-wall. 

Once you’ve insulated the outside 
shell of your house, you may want to 


insulate below grade, especially in 
new construction. New insulating sys- 
tems from The Dow Chemical Co., 
Gentrex Corp., and Plymouth Foam 
Products let you insulate—and in one 
case simultaneously waterproof—your 
basement or foundation walls from the 

outside. 
“Flexibility is important in an ex- 
terior coating,” says Stan Gaylon, man- 
Continued 
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ager of research and development at 
Perma-Chink Systems, the maker of 
Stuc-O-Flex, “but our coating has a 
special property, true elongation. We 
have taken advantage of the recent ex- 
ponential growth in polymer technol- 
ogy in our styrenated-acrylic coating: 
It can stretch 105 percent without 
breaking to withstand expansion of 
the substrate and building movement 
through settling without producing 
hairline cracks.” 

According to Gaylon, accelerated 
weathering tests by an independent 
laboratory have passed the 10-year 
mark, a standard in the industry, and 
Stuc-O-Flex has exhibited minimal 
fading and no chipping, peeling, or 
cracking. The coating is usually ap- 
plied as a three-part system of a base 
coat, a fiberglass reinforcing mesh, 
and a troweled or sprayed topcoat. The 
topcoat may be used alone in a retrofit, 
however. An entire house—2,000 to 
3,000 square feet of outside walls 
—can be coated in one to two days, 
says Gaylon. 

Another acrylic exterior coating, 
Durock Exterior Finish from United 
States Gypsum, uses cement board as a 
base substrate. The portland-cement- 


INSULATION 


FINISH 
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EXTERIOR DUROCK 
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Advanced polymer-based sys- 
tems like Durock Exterior Finish 
(above) and Stuc-O-Flex (right) give 
stucco a new dimension. Durock siding 
is a multi-component system consisting 
of cement-board sheathing, elastomeric 
base coat, and acrylic polymer exterior 
finish. Stuc-O-Flex is a latex polymer 
coating that, sprayed or troweled on, 
looks like traditional stucco, but is 
remarkably flexible. 


Exterior finishes 
like those from 
Sto (left) give a 
stucco look with 
the added benefit 
of insulation. Typi- 
cally, foam insula- 
tion is fastened to 
a substrate, rein- 
forced with fiber- 
glass mesh, and 
covered with a 
moisture-resistant 
elastomeric coat- 
ing (see cutaway). 


and-mortar-based board is similar to 
USG’s interior tile-backer board. The 
elastomeric coating is an acrylic poly- 
mer emulsion engineered for a strong 
chemical bond to the base coat and ce- 
ment-board substrate. An alternative 
to the Durock cement-mortar board/ 
finish is Eternit’s Eterspan, a fiber- 
cement board made with technology 
similar to the company’s synthetic 
slate. Any exterior coating may be 
added to Eterspan. 

Exterior insulation and finish sys- 
tems like Senergy Inc.'s Senerflex, 
Sto Industries’ EIFS, and Ispo Inc.’s 
R-wall put foam-panel insulation on 
the outside of the wall, directly onto 
the sheathing in new construction or 
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over existing siding in retrofit jobs. 

“With insulation on the outside,” 
says Buck Buchanan, vice president- 
marketing of Sto Corp., “you get ef- 
fective, continuous protection, elimin- 
ating thermal voids, or areas around 
receptacles and windows where insu- 
lation may be lacking or inadequate. 
The coating provides a tough, impact- 
resistant face for the foam insulation, 
which you can also use to create sculp- 
tured architectural detailing.” 

Once the insulation is attached to 
the building, a reinforcing membrane, 
usually a woven fiberglass mesh, is ap- 
plied and embedded in a mortarlike 
base coat. The respective topcoat is 
then sprayed or troweled on, for a 
stuccolike look. 

Finally, for complete exterior-insu- 
lation protection, there are new sys- 
tems for foundations and basements. 
Dow Chemical’s Styrofoam Thermadry 
uses the water resistance inherent in 
its Styrofoam plastic foam insulation 
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A new foam panel from Dow insulates 
basement walls to improve the thermal 
performance of your house; it also 
waterproofs below-grade walls. Styro- 
foam Thermadry panels (above) pro- 
vide an insulating value of R-4.6 per 
inch of thickness and are grooved to 
form channels that carry away water 
before it can damage your foundation. 
Tough spun-bonded filtration fabric 
prevents channel clogging. 


our two-year-old trips and 
falls while running on the 
patio. No crying? No skinned 
knees? No blood? Not if your 
patio is made of Softpave. 

This innovative paving material con- 
sists of one-inch-thick resilient inter- 
locking tiles made of shredded rubber 
from recycled tires and dyed attrac- 
tive shades of red, green, gray, and 
flecked black. Softpave can be used in- 
side or out, says Carlisle Tire and Rub- 
ber Co., for recreational or athletic 
areas—anywhere you might want a 
resilient surface. 

“We got the idea for using recycled 
tires for pavers from Europe,” Walt 
Henderson, group product manager for 
Carlisle, told me. “Germany has been 
making products from recycled tires 
for years, and the trend has recently 
spread to England and France.” An- 
other US. company, J&J Trading Inc., 
in Chester, Pa., makes trash-can lids, 
fence posts, and domestic waste pipes 
from recycled tires. 

“We purchase shredded rubber from 

Continued 


to provide a waterproofing-insulating 
panel. A grid of horizontal and vertical 
channels on the outside of the panel 
allows ground water to drain away be- 
fore it reaches the foundation/base- 
ment wall (see drawing); the closed- 
cell structure of the Styrofoam ex- 
truded polystyrene minimizes water 
absorption by the panel. A nonwoven 
fiberglass mat is bonded to the panel 
to filter the water and keep the chan- 
nels from becoming clogged with sand 
or aggregate. You bond the tongue- 
and-grooved panels to waterproof- 
treated foundation walls with mastic, 
keeping the channels facing outward. 
Gravel backfill and drainage tiles or 
piping at the footing complete the in- 
stallation. Thermadry panels come in 
1.5- or 2.25-inch thick panels for in- 
sulating values of R-6.4 or R-10.4, 
respectively. 

The Dow system, for all its water- 
proofing and insulating capabilities, 
can't present a finished surface when 
part or all of a basement/foundation 
wall is exposed. For that you might 
use one of two new precoated foam- 
panel products: Polyskirt, from Ply- 
mouth Foam Products, and Gentrex 
System 150. 

Polyskirt, available in either ex- 
panded polystyrene foam or Dow Sty- 
rofoam extruded polystyrene foam 


SOFT PAVERS 


Softpave tiles—resilient 
pavers for walkways, ex- 
terior and interior sport- 
ing areas like tennis 

courts or weight rooms, 
or just a soft patio—are 
made from recycled tires 
in an interlocking design. 
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panels, is covered with a tough poly- 
olefin vinyl facing to protect the oth- 
erwise delicate surface of the foam 
panels. The two-by-four-foot size is en- 
tirely protected; the four-by-eight-foot 
panels have only the top two feet cov- 
ered. After you attach special chan- 
nels to the foundation wall, you slip 
in the insulation panels and attach 
them to the wall with adhesive or 
bolts. 

Gentrex System 150 panels also 
have a vinyl facing, but they are in- 
tended primarily for new construction. 
They replace concrete forms for slab- 
on-grade foundations or for footings. 
When the concrete is poured, it fills a 
keyway routed into the rear of the 
panel, forming a mechanical tie with 
the panel. System 150 is available 
with either one- or two-inch Styrofoam 
panels; it is not available in expanded 
polystyrene bead board. 


EXTERIOR FINISH AND OUTSIDE INSULATION SOURCES 
The Dow Chemical Co., 2020 Willard H. Dow Center, Midland 
Mi 48674; E. I. Du Pont de Nemours & Co., Laurel Run 
Bidg., Box 80705, Wilmington DE 19880-0705; Gentrex 
Corp., 46400 80th St. W. Lancaster CA 93536; Ispo, Inc., 
792 S. Main St., Mansfield MA 02048; Perma-Chink Sys- 
tems, Inc., 17455 NE 67th Ct., Redmond WA 98052; 
Plymouth Foam Products, 1800 Sunset Dr., Plymouth WI 
53073; Senergy Inc., 1367 Elmwood Ave., Cranston RI 
02910; STO Industries, 6175 Riverside Dr. S.W. Atlanta 
GA 30331; United States Gypsum Co., 101 S. Wacker Dr., 
Chicago IL 60606-4385 


tire recyclers, mix the rubber with ad- 
hesive binders and dyes, and pour the 
mixture into molds,” says Henderson. 
“There it is heated under high pres- 
sure, then cured. It took quite a bit of 
development work to overcome prob- 
lems like maintaining a homogeneous 
mix during the entire process. Another 
difficulty involved developing a form- 
ing mold-release process to achieve 


the smooth surface we needed under 
such high temperature and pressure 
conditions.” 

The red, green, and gray dyed pav- 
ers (recycled rubber is black) are not 
intended for use in high traffic areas 
or around pools because the color 
tends to wear off under constant use 
and fade in the presence of chlorine. 
There is no problem using the flecked 


tile, however, because most of the ma- 
terial is in its natural black state and 
should not fade. A new tile, with a 
thin layer of light-colored virgin rub- 
ber laminated to the surface, is on the 
horizon for use on pool decks and other 
demanding applications where you 
might not want dark-colored tiles. 
Carlisle Tire and Rubber Co., Box 99, 
Carlisle, Pa. 17013. 


INNOVATIVE LUMBER 


S 
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'wo new building products, one 
made from natural materials 
and the other synthetic, make 
the job of trimming and fram- 

ing houses easier. 
Weyerhaeuser’s new Clear-Type Ex- 
terior (CTX) Trim is an engineered 
wood product, basically a medium- 
density fiberboard, but with a big dif- 
ference. Manufactured in a new plant 
in Broken Bow, Okla., CTX is produced 
in a new steam-injection technology 
press, the only one like it in the United 
States, according to the company. Says 
Weyerhaeuser’s marketing manager 
Jerry LeClaire: “We mix wood fibers, 
refined from southern pine chips and 


planer shavings, with phenolic resin 
and emulsified wax to form a fluffy 
mat. The mat is placed in the press to 
undergo a computer-controlled press- 
ing cycle. During the pressing cycle, 
live steam under a pressure and va- 
cuum sequence is injected into the fiber 
mat to raise the interior temperature 
of the mat quickly and uniformly. This 
process reduces the resin curing time 
sixfold and results in a uniformly dense 
board.” 

After the CTX mat is cured, it is cut 
into boards of various lengths and 
widths. The boards are then primed 
for painting, and this involves another 
new-technology development. CTX 


RES cay 
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_ The S-curve at far left demonstrates 


the physical and design flexibility of 
Billee-Bord plastic framing lumber. 
The board is oversized by a half-inch 
(the thickness of a sheet of drywall) 
and has a ridge on its end that acts as 
a corner bead when drywall is nailed 
to the studs and finished. For round- 
top windows (top of next page), the 
“lumber” is simply bent into place and 
braced. Drywall is not required on the 
inside of the arch. 


boards are primed in a spe- 
cial painting process that 
coats all six sides of individ- 
ual pieces simultaneously. 
The coating is complete, and 
it provides a sound, trouble- 
free base for exterior paints, 
says LeClaire. 

Weyerhaeuser claims its 
trim eliminates warping 
and cupping problems and 
is resistant to water, decay, 
mildew, checking, splitting, 
and twisting. And unlike 
other, conventional hard- 
board, CTX trim does not 
have a difficult-to-work-with 
extra-hard surface and soft- 
er interior, Because of the 
unique curing process, says 
LeClaire, CTX resembles 
more-conventional lumber 
with its uniform density: Starting 
and setting nails is easier. 

CTX trim is nonstructural; that is, 
it is intended as decorative lumber 
only, LeClaire told me. It can be cut 
and nailed with ordinary woodworking 
tools. The trim material is made in 
nominal 1-, %4-, %- and 2-inch thick- 
nesses; nominal widths of 4, 6, 8, 10, 
and 12 inches; and actual 8-, 16-, 18-, 
and 20-foot lengths. Weyerhaeuser, 
Box 467067, Atlanta, Ga. 30346. 

Aremarkable new framing material, 


Imaginative Materials Group’s new 
plastic Billee-Bord, allows you to frame 
out round-top windows or curved walls 
by simply bending the board to shape 
—down to a two-foot radius. 

“Once the lumber is nailed to the 
supporting structure, it remains in 
place,” says Millard Thacker, president 
of IMG. “It is flexible enough so that 
it won't try to return to its original 
shape and create stress in the framing. 
And it can be cut, nailed, painted, and 
screwed with conventional woodwork- 


ing equipment.” 

Billee-Bord is made of pli- 
able polyurethane, and it 
comes in slightly oversize 
lumber sizes—1% by 4 and 
1% by 6 inches, and in 8-and 
10-foot lengths. The board 
is slightly oversize because 
of an interesting feature: A 
ridge that runs along its edge 
acts as a corner bead for fin- 
ishing drywall. Installed to 
form a round-top archway 
for instance, you butt the 
drywall up to the Billee-Bord 
(it is ¥2 inch oversize to take 
the thickness of the drywall) 
so that the surfaces of the 
drywall and the board are 
flush. You just tape the joint, 
with the raised ridge acting 
as the spackle bead. There's 
no need for fitting and finishing dry- 
wall inside the arch. 

Billee-Bord is not intended as a stud 
in conventional framing, but serves as 
a base and sill in a curved wall (see 
photo) or as the frame for a rounded 
opening. When using Billee-Bord you 
should finish walls on the beaded side 
with ¥%-inch drywall only. Any other 
thickness will defeat the purpose of 
the easy-finishing design. Imaginative 
Materials Group, 1580 Industrial Ave., 
Norco, Calif. 91760. 


QUIET WOOD FLOOR 


‘ood floors are more pop- 

ular than ever. But on 

upper-story floors they 

can be noisy for those 

below, transmitting all 
the taps, clicks, and bumps—noise 
from toys, walking, moving furniture 
—that are part of everyday living. Can 
you have the beauty of bare wood and 
the quiet too? 

Japan's Matsushita Electric Works 
may have come up with a solution in 
its fascinating Sound Insulation Floor- 
ing (see drawing). The heart of the 
multilayered wood flooring system is 
a so-called Sound Absorption Sheet. 
Located beneath the surface wood 
veneer, the sheet is a dense mat com- 
posed of minute solid polymer parti- 
cles in a resin base. Matsushita claims 
that not only do the polymer particles 
absorb sound, but friction between the 
particles and the special resin base 
also helps in sound attenuation. 

Furthermore, the flooring system 
uses a rubber cushion similar to carpet 
cushioning that is separated from the 


Sound Absorption Sheet by a layer of 
plywood. Matsushita says the isolation 
produced by the foam cushion, along 
with the sound attenuation of the 
polymer-resin sheet, effectively stops 
vibration from being transmitted 
through the one-inch-thick flooring. 

The Sound Insulation Flooring is 


Wood floors on an upper 
story can be noisy, transmit- 
ting every tap of a child’s toy, for 
instance. Sound-insulated multi- 
layered flooring from Matsushita 
Electric dulls sound with the effective- 
ness of carpeting, says the company, 
but has the look of a wood floor. 


VENEER 


suited to application over an upper- 
story concrete slab. Sound is readily 
transmitted through solid concrete, 
and the isolation the flooring provides 
reduces overhead noises, says the 
company. Matsushita Electric Works 
Ltd., 401 River Oaks Parkway, “ay 
Jose, Calif. 95134. 


RUBBER 


SOUND CUSHION 


ABSORPTION 
SHEET 
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STEPHEN W. HAWKING 


brief history of 
A Brief History 


In which a famed theoretical physicist reveals why he 
plumbed the nature of the universe and the mind of God in 
his best seller A Brief History of Time. 


Generally acknowledged by his peers 
to be one of the most brilliant theoreti- 
cal physicists since Albert Einstein, Ste- 
phen W. Hawking is Lucasian Professor 
of Mathematics at.Cambridge Univer- 
sity, not incidentally the same chair oc- 
cupied by his illustrious predecessor, 
Isaac Newton. Hawking has spent most 
of his career pondering such imponder- 
ables as the nature of time and the ori- 
gins of the universe. His most notable 
achievement to date has been to eluci- 
date the nature of black holes (whose 
existence remains to be proven). 

This year Hawking was one of the 
five recipients of the $25,000 Britannica 
awards. He was cited for using his bril- 
liant scientific mind to be a “superb 
communicator to lay readers of ex- 
tremely difficult physical concepts,” as 
demonstrated most recently in A Brief 
History of Time: From the Big Bang 
to Black Hole. 

Hawhking’s memoir about the origins 
of the book, printed here, was written 
in 1988.—Arthur Fisher 


am still rather taken aback 

by the reception given to my 

book, A Brief History of Time. 

It has been on The New York 

Times best-seller list for 31 

weeks [as of the April 23, 
1989, edition of The New York Times, 
Hawking’s book has been on the best- 
seller list for 53 weeks] and on The 
Sunday Times [of London] list for 26 
weeks. (It was published later in Brit- 
ain than in the United States.) And it 
is being translated into 20 languages 
(21 if you count American as different 
from English). This was much more 
than I expected when I first had the 
idea in 1982 of writing a popular book 
about the universe. The intention was 
partly to earn money to pay my daugh- 
ter’s school fees. (In fact, by the time 
the book actually appeared, she was 
in her last year of school.) But the main 
reason was that I wanted to explain 
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how far I felt we had come in our un- 
derstanding of the universe. How we 
might be near finding a complete the- 
ory that would describe the universe 
and everything in it. 

If I were going to spend the time and 
effort to write a book, I wanted it to 
get to as many people as possible. My 
previous technical books had been pub- 
lished by Cambridge University Press. 
That publisher had done a good job, 
but I didn’t feel that it would really be 
geared to the sort of mass market that 
I wanted to reach. I therefore contacted 
a literary agent, Al Zuckerman, who 
had been introduced to me as the 
brother-in-law of a colleague. I gave 
him a draft of the first chapter and ex- 
plained that I wanted it to be the sort 
of book that would sell on airport book 
stalls. He told me there was no chance 
of that: It might sell well to academics 
and students, but a book like that 
couldn't break into Jeffrey Archer 
territory. 

I gave Zuckerman a first draft of the 
book in 1984. He sent it to several 
publishers and recommended that I ac- 
cept an offer from Norton, a fairly 
up-market American book firm. But I 
decided instead to take an offer from 
Bantam, a publisher more oriented to- 
ward the popular market. In fact, I 
believe my book was the first science 
book that Bantam had accepted. That 
it did so was probably because of the 
interest taken by one of its editors, 
Peter Guzzardi. He took his job very 
seriously and made me rewrite the 
book to make it understandable to non- 
scientists like himself. Each time I sent 
him a rewritten chapter, he sent back 
a long list of objections and questions 
he wanted me to clarify. At times I 
thought the process would never ter- 
minate. But he was right: It is a much 
better book as a result. 

Shortly after I accepted Bantam’s 
offer I got pneumonia. I had to have a 
tracheotomy operation that removed 


my voice. For a time I could communi- 
cate only by raising my eyebrows when 
someone pointed to letters on a card. 
It seemed quite impossible to finish the 
book. But a software expert in Cali- 
fornia named Walt Woltosz heard of my 
plight. He sent me a computer program 
that allowed me to write and speak by 
pressing a switch as the computer 
scanned lists of words on the screen. 
It was a bit slow, but then I think 
slowly, so it suited me quite well. With 
it I almost completely rewrote my first 
draft in response to Guzzardi’s urgings. 
I was helped in this revision by one of 
my students, Brian Whitt. 

Thad been very impressed by [Jacob] 
Bronowski’s television series, “The As- 
cent of Man” (such a sexist title would 
not be allowed today). It gave a feeling 
for the achievement of the human race 
in developing from primitive savages 
only 15,000 years ago to our present 
state. I wanted to convey a similar feel- 
ing for our progress toward a complete 
understanding of the laws that govern 
the universe. I was sure that nearly 
everyone was interested in how the uni- 
verse operates, but most people can- 
not follow mathematical equations. I 
don’t care much for equations myself. 
This is partly because it is difficult for 
me to write them down, but mainly be- 
cause I don't have an intuitive feeling 
for equations. Instead, I think in pic- 
torial terms. My aim was to describe 
these mental images in words with the 
help of familiar analogies and a few 
diagrams. In this way, I hoped that 
most people would be able to share in 
the excitement and feeling of achieve- 
ment in the remarkable progress that 
has been made in physics in the last 
25 years. 

Even if one avoids mathematics, 
some of the ideas are unfamiliar and 
difficult to explain. This posed a prob- 
lem: Should I try to explain them and 
risk people being confused, or should I 

Continued 
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gloss over the difficulties? Some unfa- 
miliar concepts, such as the fact that 
observers moving at different veloci- 
ties measure different time intervals 
between the same pair of events, were 
not essential to the picture I wanted 
to draw. Therefore I felt I could just 
mention them, but not go into them in 
depth. But some difficult ideas were 
basic to what I wanted to get across. 

There were two such concepts in par- 
ticular that I felt I had to include. One 
was the so-called “Sum Over Histories.” 
This is the idea that there is not just a 
single history for the universe, and all 
those histories are equally real (what- 
ever that may mean). The other idea, 
which is necessary to make mathemat- 
ical sense of the Sum Over Histories, 
is “imaginary time.” With hindsight, I 
now feel that I should have put more 
effort into explaining these two very 
difficult concepts, particularly imagi- 
nary time, which seems to be the thing 
in the book with which people have the 
most trouble. However, it is not really 
necessary to understand exactly what 
imaginary time is, just that it is dif- 
ferent from what we call “real” time. 

After he had finished demanding 
changes in the manuscript, but before 
the book was actually published, Peter 
Guzzardi left Bantam for another 
publishing house. The people who took 
over responsibility for my book from 
him obviously got cold feet about it, 
for they ordered only a fairly small 
first printing, which would have cov- 
ered only a small part of the advance 
Guzzardi had paid me. However, the 
changeover at Bantam led to such con- 
fusion that the first printing contained 
a large number of errors, like photo- 
graphs and diagrams being in the 
wrong places or wrongly labeled. They 
therefore had to recall it before it got 
to the shops and do another printing. 
By then, Time magazine had published 
a profile of me. This encouraged Ban- 
tam to make the print order rather 
large. Even so, the editors were taken 
by surprise by the demand. The book 
is in its 17th printing in America and 
its 10th in Britain. 

Why did so many people buy it? It is 
difficult for me to be sure that I’m ob- 
jective, so I thought I would go by what 
other people said. I found most of the 
reviews, although favorable, rather 
unilluminating. They tended to follow 
the formula: Stephen Hawking has Lou 
Gehrig's disease (in American reviews), 
or Motor Neuron disease (in British 
reviews). He is confined to a wheel- 
chair, cannot speak, and can only move 
“x” number of fingers (where “x” seems 
to vary from one to three, according to 
which inaccurate article the reviewer 
read about me). Yet he has written this 
book about the biggest question of all: 
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Where did we come from, and where 
are we going to? The answer that 
Hawking proposes is that the universe 
is neither created nor destroyed: It just 
is. In order to formulate this idea, 
Hawking introduces the concept of 
imaginary time, which I (the reviewer) 
find a little hard to follow. Still, if 
Hawking is right and we do find a com- 
plete unified theory, we shall really 
know the mind of God. (In the proof 
stage I nearly cut the last sentence in 
the book, which was that we would 
know the mind of God. Had I done so, 
the sales might have been halved.) 
Rather more perceptive (I felt) was 
an article in The Independent [a Lon- 
don newspaper] that said that even a 
serious scientific book, like A Brief His- 
tory of Time, could become a cult book. 
My wife was horrified, but I was rather 
flattered to have my book compared to 
Zen and the Art of Motorcycle Mainte- 
nance. I hope, like Zen, that it gives 
people the feeling that they need not 
be cut off from the great intellectual 
and philosophical questions. 
Undoubtedly, the human-interest 
story of how I have managed to be a 
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theoretical physicist despite my disabil- 
ity has helped. But those who bought 
the book from the human-interest 
angle may have been disappointed be- 
cause it contains only a couple of ref- 
erences to my condition: The book was 
intended as a history of the universe, 
not of me. This has not prevented ac- 
cusations that Bantam shamefully ex- 
ploited my illness and that I cooperated 
with this by allowing my picture to ap- 
pear on the cover. In fact, under my 
contract I had no control over the cover. 
I did, however, manage to persuade 
Bantam to use a better photograph on 
the British edition than the miserable 
and out-of-date photo used on the 
American edition. Bantam will not 
change the American cover, however, 
because it says that the American pub- 
lic now identifies that with the book. 
It has also been suggested that peo- 
ple buy the book because they have 
read reviews of it or because it is on 
the best-seller list. But they don’t read 
it: They just have it in the bookcase or 
on the coffee table, thereby getting the 
credit for having it without taking the 
effort of having to understand it. I am 
sure this happens, but I don’t know that 
it is any more so than for most other 
serious books, including the Bible and 
Shakespeare. On the other hand, I 
know that some people at least must 
have read it because each day I get a 
pile of letters about my book, many 
asking questions or making detailed 
comments that indicate that they have 
read the book, even if they don’t un- 
derstand all of it. I also get stopped by 
strangers in the street who tell me how 
much they enjoyed it. Of course, I am 
more easily identified and more dis- 
tinctive, if not distinguished, than most 
authors. But the frequency with which 
I receive such public congratulations 
(to the great embarrassment of my 
nine-year-old son) seems to indicate 
that at least a proportion of those who 
buy the book actually do read it. 
People now ask me what I am going 
to do next. I feel I can hardly write a 
sequel to A Brief History of Time. 
What would I call it? A Longer His- 
tory of Time? Beyond the End of Time? 
Son of Time? My agent suggested that 
Tallow a film to be made about my life. 
But neither I nor my family would 
have any self-respect left if we let our- 
selves be portrayed by actors. The same 
would be true to a lesser extent if I 
allowed and helped someone to write 
my life story. Of course, I cannot stop 
someone from writing about my life 
independently, as long as it is not li- 
belous, but I try to put people off by 
saying I’m considering writing my au- 
tobiography. Maybe I will, but I’m in 
no hurry. I have a lot of science that I 
want to do first. 


- Compressed-air power 


Compressed-air energy-storage systems stockpile low-cost power for 
use during peak-demand periods. Surplus off-peak electricity drives 
compressors that fill subterranean reservoirs with air. The air is 
released later to spin turbine-generators. 


By STEVEN ASHLEY 


ELECTRICITY OUT 


en it’s summer in southern Alabama, 
officials at the Alabama Electric Coop- 
erative have a hot time trying to keep 
consumer electric bills from skyrocket- 
ing along with the heat. 

The rural utility’s big coal-fired power 
plants usually can satisfy most of its customers’ “baseload” 
electric needs. But when demand doubles as thousands of 
air conditioners switch on, there’s a dilemma: Where can 
AEC get low-cost energy to meet this transient peak in 
power demand? Big plants are unsuited to the task. They 
take a long time to fire up and to shut down. In addition, 
large plants are economical only when they run around 
the clock at optimum speed. So AEC must fill the supply 
gap with medium-priced power from its combustion 
turbine-generator and with high-priced power from other 
utilities. Both options mean higher consumer bills. 

“Our charter is to find low-cost power for our custom- 
ers,” says Ray Clausen, vice president, corporate planning. 
“The most attractive peaking-power option is a new tech- 
nology called compressed-air energy storage [CAES].” 

“We're building the world’s second commercial CAES 
plant near McIntosh, Alabama,” Clausen says. The coop- 
erative believes it will supply inexpensive power so AEC 
can handle swings in demand cost-effectively. It will also 
act as a load-leveling buffer for AEC’s baseload plants. 

“CAES plants work by using the less-expensive elec- 
tricity generated by large plants during off-peak hours to 
compress air into underground caverns or reservoirs,” ex- 


A CAES plant stores off-peak en- 
ergy as air compressed into an un- 
derground reservoir. A double- 
duty motor-generator and clutches g 
permit separate compression and ¢ : 
generation cycles. At night, low- £ 
cost electricity powers the mo- 
tor-generator, which drives 
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program at the Electric Power Research Institute (EPRI) 
in Palo Alto, Calif. EPRI is providing about $8 million of 
the $65 million AEC is spending to build the 110-megawatt 
plant. During periods of higher energy demand, the air 
will be released, heated, and then expanded to spin a 
turbine-generator efficiently (see diagram). By storing 
low-cost off-peak electricity until it’s needed, fuel consump- 
tion and the resulting pollution are cut by a third, he says. 

The Alabama utility is now pumping water into subter- 
ranean salt formations and removing brine to solution- 
mine a storage cavern, notes John B. Howard, AEC’s vice 
president of power production. When complete, the reser- 
voir will be about 200 feet in diameter and 600 feet deep. 
This 19-million-square-foot volume will hold air sufficient 
to drive the plant’s turbo-machinery for 26 hours at a time. 

Based on a Swedish patent, the world’s first commer- 
cial CAES plant is a 290-megawatt unit that has oper- 
ated in Huntorf, West Germany, since 1978, EPRI’s 
Schainker reports. Because reservoirs for compressed air 
can be built in many formations—salt domes, rock cav- 
erns, or aquifer reservoirs—CAES plants can be sited in 
about three-quarters of the United States, he adds. 

If AEC is successful, Schainker predicts that other U.S. 
utilities will find it easier to try CAES. “The U.S. is behind 
in energy-storage technology,” he says. CAES could be a 
key to increasing our storage capability, he continues: 
“Our studies show that CAES could supply about half our 
country’s energy-storage capacity by the year 2020.” 

DRAWING BY JANA BRENNING 

STORAGE RESERVOIR 
the compressor to pump air into 

storage. In the afternoon, the 
motor-generator is engaged to 


the turbine and disengaged from x Fá 
the compressor. The trapped air SALT 
is released, heated, and expanded "~E 
through the turbine to produce P4 
electricity. 
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When a Florida couple decided to build a climate-sensitive house, they and their. 
architect combined today’s technology with 19th-century architecture. Making 
the most of natural ventilation, they’re saving their air conditioning—and energy 


dollars—for emergencies. 
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By DAWN STOVER 


ark Zegel grew up in 

a typical Florida 

house: concrete 

block walls on a con- 

crete slab. The tile 

roofs overhang was 

small, and the sun beat down on the 

exterior walls. “I remember, at mid- 

night the walls would still be radiat- 
ing heat,” says Zegel. 

Until October 1987 Mark and his 
wife, Jennifer, lived in a similar house. 
“It was a stucco-finished concrete- 
block house with an asphalt shingle 
roof,” he says, “crummy, cheap little 
windows, and very little insulation.” 
A house like that can be comfortable 
—all it takes is a big air conditioner 
and a willingness to use it. 

The Zegels had other ideas, however. 
While vacationing in the Bahamas 
and Key West they noticed a style of 
house obviously designed for passive 
cooling. And they spotted other exam- 
ples of it while visiting rural areas of 
their home state. “We like to take the 
back ways,” Mark explains. 

Inspired, they decided to build their 
own “Florida-indigenous-style” house, 
as Mike Houston, the architect they 
hired, calls the design. The Zegels 
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chose many of the vernacular archi- 
tectural elements they’d seen dur- 
ing their travels: a metal roof, wide 
porches, an elevated floor, and a cu- 
pola. They combined these elements 
gleaned from the past with modern 
materials— creating a house that re- 
sponds quickly to the daily changes 
in Florida’s hot, humid climate. 

“The design is simple,” says Mark. 
“Hot air rises.” So every room in the 
house is connected to the central cu- 
pola (see drawings). Its windows let 
in light and let out hot air. Opening 
the windows on the leeward side of 
the house takes advantage of the 
negative air-pressure zone and helps 
to keep air flowing up through the 
house, says Houston, an expert on 
energy-efficient building design who 
has worked for the Florida Solar En- 
ergy Center. 

The house is raised about two feet 
off the ground, so air circulates under 
the floor. But while Floridians of 100 
years ago simply had to swelter when 
passive cooling wasn’t enough, the 
Zegels have an air conditioner. They 
stashed it under the house, where 
it’s always shady. 

The elevated house is exposed to 
breezes that would otherwise be 
blocked by palmettos, bushes that are 
common on Merritt Island, where the 


Zegels live. An hour's drive east of Or- 
lando, the island is also home to the 
Kennedy Space Center. 

The house is partially shaded by 
trees that help cool the surrounding 
air. “We have live oaks, water oaks, 
hickories, cedars, and sabal palms— 
that’s the state tree,” says Jennifer. 
She and her husband cleared as few 
trees as possible; one tree is still grow- 
ing up through their porch. 

The hip roof is made of galvanized 
steel. “Many old-timers had tin roofs 
on their houses,” says Jennifer. The 
shiny metal reflects direct sunlight 
during the day. At night the metal 
cools quickly. 

When it rains, or a hickory nut 
drops, the metal roof is a bit noisy. 
But eight inches of insulation help 
to muffle sounds and reduce heat 
transmission more effectively than the 
crumpled newspapers and tin foil used 
in early Florida houses. 

The Zegels wanted to have lots of 
views to the outside to make the house 
seem larger. “It’s like living in an 
aquarium,”-says Mark. Jennifer, an in- 
terior designer, wanted to be able to 
see through the house. “We wanted a 
house that was in tune with nature,” 
she explains. “And that says natural 
materials. We have a pretty neutral 
interior, so there’s a smooth transi- 
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tion from the outside to the inside.” 

The fireplace is made of keystone, 
a coral-and-limestone rock native to 
Florida. The Zegels chose oak floors 
and ceramic tiles instead of carpets, 
which soak up moisture in the humid 
climate. “It gets sticky hot in Florida,” 
says Jennifer. 

When it becomes unbearable, the 
Zegels run their dual-zone air condi- 
tioning. en so, Mark says, “our 
electric bill hasn't topped one » hun- 
dred dollars.” The house, which cost 
about $65 a square foot and took five 
months to construct, has roughly 2,450 
square feet of indoor living space, 
in addition to approx 3 
square feet of covered porche: 
ing the 1,800-square-foot tract house 
he moved out of, Mark “We're 
living in a house that’s mor 
able and more spacious, and paying 
the same price in utilities.” 

One-story concrete stucco houses 
aren't going to disappear overnight. To 
Florida newcomers, they’re reassur- 
ingly familiar-looking and affordable. 
“A home similar to what Mark and 
Jennifer built is not a home for ev- 
eryone,” warns Houston. “It’s for 
people who are concerned about the 
environment, who want to do their 
part to save energy, and who are will- 
ing to accept a little discomfort.” Gi) 
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st, required careful siting of the 
Air flows under the floor, across 
living areas, and up into a cupola with 
operable clerestory windows (top draw- 
ing). As the air heats, it goes up—and 
out. The great room (bottom drawing), 
with a 26-foot ceiling, keeps the warm- 
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est air away from inhabitants. Awning- 
le windows provide maximum ven- 
tilation area and can remain open in 
the rain. Ceiling fans disperse the fresh 
air. The kitchen is situated in the down- 
wind corner of the house, where its 
heat can do the least damage. 
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Hello, you've r 


hadn't spoken to my friend Peter, 
a Manhattan attorney, in 
months. When I finally called 
his home, I discovered that some- 
thing had changed. 

“Hi, this is Peter, and I’m not 
in right now. Here comes the 

beep. You know what to do.” 

A few years ago, Peter’s answering 
machine played a tune called “Don't 
Hang Up,” followed by explicit instruc- 
tions for leaving a message. Today, 
that isn’t necessary. Peter's friends and 
family know what to do 

Abbreviated messages are proof of 
how commonplace answering ma- 
chines have become since their mi- 
gration from the office to the home 
Manufacturers expect to sell more 
than eight million answering ma- 
chines this year. More than 
fifth of all American house 
holds already have a tele- 
phone answering machine, 
and people who own the 
devices use them more 
frequently than any 
other electronic prod- 
uct, says the Electronic 
Industries Association 
The machines not only take 
messages for owners who are 
away, but also screen out unwanted 
calls while the owners are at home 

The same people who once com- 
plained about having to talk to a ma- 
chine are now irritated when they 
phone someone who doesn’t have one 
And callers who stammered after the 
beep now deliver glib monologues. In 
big cities, busy professionals have a 
i “Have 
your machine call my mac! When 
the parties finally connect, they typi- 
cally apologize for “playing phone tag.” 

Messages are also becoming more 
businesslike. Gone are the days when 
co-workers circulated the phone num- 
bers of answering-machine owners 
with hilarious greetings. You no longer 
have to be entertaining to persuade 
callers to leave messages 

But it’s not just messages that are 
changing. The machines themselves 
are evolving, with new features ap- 
pearing every few months. The most 
significant change is a move toward 
digital technology. A number of com- 
panies—including AT&T, Code-A- 
Phone, Conair, Panasonic, PhoneMate, 
Record-A-Call, Sony, and Toshiba—are 
already selling machines that use ran- 
dom-access-memory chips to store out- 
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going messages. And at least one com- 
pany, Code-A-Phone, makes a com- 
pletely digital answering machine that 
uses chips for both outgoing and in- 
coming recordings. 

Digital technology is experiencing 
a few growing pains right now, but it 
offers many advantages over tape- 
based systems. Even the companies 
that arent currently touting digital 
machines say that chips are on the 
way. “Ultimately, all answering ma- 
chines will be digital,” predicts Jim 
Ristow, vice president for sales and 
marketing at Record-A-Call 

What can digital do? “The key issue 
is reliabilit s Linda Lybeck, mar- 
keting director at Code-A-Phone. “It’s 
like a compact-disc player relative to 


a record player. The audio quality will 
never deteriorate.” There’s no tape to 
wear out and no moving parts to 
maintain 

No tape also means no rewinding, 
so digital machines are quicker. Again, 
they’re like CD players. “They give you 
instant access to anything,” Lybeck 
And the incoming mes are 
discrete units, so you can save one 
while erasing the one before it. With 
tape-based systems, you have to erase 
all the messages at once. 

Code-A-Phone’s all-digital 6200 se- 
ries machines even have color-coded 
messages. Green lights are empty 
sage slots, orange lights are mem- 
os left by household members, and red 
calls from the outside. 


ge 


You won’t find a tape in- 
side Code-A-Phone’s 
Model 6200 answering 
machine. It uses digital 
microchips to record 
both outgoing and in- 
coming messages. 


Digital technology offers other un- 
explored capabilities. It’s now possible 
to change the size and shape of an- 
swering machines (see box). “When 
the technology becomes affordable,” 
says Jim Oblak, director of market- 
ing at PhoneMate, “there’s no reason 
the answering machine couldn't be in- 
corporated into a Trimline phone.” A 
light in the handset could tell users 
that messages have been received. 

Digital technology also simplifies 
the task of encoding and decoding 
messages, and it eases the develop- 
ment of voice-recognition systems. So 


instead of entering a security code to 
retrieve your messages remotely, you 
could just say hello to your phone. 


Phone slaves 


Add artificial intelligence to voice 
recognition, and you have what Chris- 
topher Schmandt, head of speech re- 
search at MIT’s Media Lab, calls a 
“Conversational Desktop.” Stewart 
Brand, author of The Media Lab, re- 
ports that Schmandt and colleague 
Barry Arons built the system in 1985. 
Brand describes a demonstration: A 
phone rings in Arons’ office. 

“Hello, Barry’s telephone speaking. 
Who’s calling, please?” 

“Hi, this is Mike McKenna.” 

“What’s this in reference to?” 


»oo the 
age of 
the digital 
answering 
machine 


Digital technology, rapidly spreading to all 
branches of electronics, has reached the nearly 
ubiquitous telephone answering machine. Ad- 
vantages: reliability, flexibility, ease of use, in- 
stant playback. Disadvantages to date: limited 
memory space and high cost. 


By DAWN STOVER 


“Your conversational messaging sys- 
tem,” says McKenna. 

“He’s not available at the moment, 
but he left this message... (Barry’s 
voice) I’m at lunch. I'll get back to you 
as soon as I return . . . (computer's voice) 
At what number can he reach you?” 

When Arons returns to the office, his 
computer tells him he had a call and 
plays back McKenna’s message. 

The Conversational Desktop, which 
Schmandt informally calls a “phone 
slave,” can also identify some individ- 
uals at MIT, and Schmandt is teach- 
ing it how to route calls from these 
people. Some calls go to Schmandt, 
while others are forwarded to the an- 
swering system. Eventually, “smart” 

Continued 
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COMING: THE 
ELECTRONIC MAILBOX 


The earliest answering machines contained 
reel-to-reel tape recorders. “They were big, they 
were bulky, and they were not consumer ma- 
chines," says Jim Oblak, director of market- 
ing at PhoneMate. Replacing the reels with 
standard audio cassette tapes and microcas- 
settes has enabled manufacturers to produce 
smaller and more streamlined consumer mod- 
els, but the overall appearance of answering 
machines hasn't changed much in 30 years: 
They still resemble desktop tape recorders. 
About the only variation is a Panasonic ma- 
chine that stands on end, with the controls on 
top. Even Code-A-Phone's all-digital machines 
haven't broken any new ground in design. But 
prepare for some radical changes. Now that 
answering machines no longer require tapes, 
unusual designs are feasible. 

Dictaphone asked Design Logic, a Chicago 
firm, to come up with some alternatives to the 
flat box. “They said they would be using a com- 
pletely digital technology,” says Martin Tha- 
ler, a principal at Design Logic and one of the 
three designers who worked on the project. 
Dictaphone’s main reason for hiring the firm 
was to stimulate fresh thinking among its own 
employees. Dictaphone currently has no plans 
to produce the designs. 

Design Logic proposed three answering- 
machine models incorporating digital technol- 
ogy. The first one is the most traditional (top). 
“Most [answering machine] products are just 
flat planes with some controls on them,” says 


Digital 
answering 
machines not 
only perform 


Thaler. Design Logic’s creation also lies flat 
on a desk, but Thaler and his colleagues de- 
signed protruding parts to emphasize the ele- 
ments of sight, sound, and speech. Buttons 
are located near the elements they control, 
not lined up along the front. 

A second design (center) is an interpreta- 
tion of a mailbox. “We thought that an an- 
swering machine was somewhat like a mail- 
box,” Thaler remarks. “When you come home, 
you check your mailbox to see if you have any 
letters. You also check your answering machine 
to see if you have any messages.” 

The third approach (bottom) “establishes 
the answering machine as a mechanical/tech- 
nological extension of a person,” the design- 
ers explain. Planes and surfaces of the human 
head “have been abstracted and selectively 
used to create a surrogate ‘self’ to send and 
receive messages in the owner's absence,” ac- 
cording to Design Logic. 

“These designs may not be what consum- 
ers want in their kitchens,” one analyst po- 
litely comments. Says Thaler: “If there is new 
technology, the machine should express it.” 
—D. S. 


home machines could also be pro- 
grammed to recognize callers. 

But digital-answering-machine tech- 
nology has a long way to go before 
phone slaves show up on store shelves. 
Customers aren't clamoring for chips. 
“They’re not concerned about what stor- 
age medium is used,” says Robert Davis, 
product manager for answering ma- 
chines at AT&T. “They don’t care what's 
under the hood, just what it can do.” 

Sharp Electronics, which had intro- 
duced an all-digital answering ma- 
chine, withdrew it from the market. Sev- 
eral other companies that previewed 
all-digital products more than a year 
ago still haven't begun producing them. 

Record-A-Call makes a variety of 
tape-driven machines, but sells only 
one model with a digital outgoing mes- 
sage. “Sales on the 4000 have not been 
good,” says Ristow. “It didn’t fly.” 

Chip prices are holding the technol- 
ogy back right now. “They’re prohibi- 
tively expensive,” says Ristow. Chips 
are also in short supply, says Phone- 
Mate’s Oblak. With chips at a pre- 
mium, manufacturers can't afford to 
build machines with a lot of memory. 
At one time, Code-A-Phone had 
planned to build a digital machine with 
a 10-minute memory, but has been 
forced to postpone the project. 

“Recording messages is a memory- 
intensive operation,” says Oblak. 
“Roughly every minute of conversation 
requires one megabyte of random- 
access memory.” PhoneMate uses a 
256-kilobyte chip to store the outgo- 
ing message in its digital machines. 
With a sampling rate of 16 kilobytes 
per second, the chip is filled in 16 sec- 
onds. Oblak says that 16K is the min- 
imum sampling rate required to record 
a voice. But it’s clearly inferior to the 
voice quality obtained with tape. “Your 
voice is not going to sound like it was 
recorded on a compact disc,” says Ob- 
lak. Recording CD-quality sound would 
overload the memory almost instantly. 

Code-A-Phone bumped up its sam- 
pling rate for the outgoing message to 
34 kilobytes. Over the phone, it sounds 
as good as a tape. The sampling rate 
is slower for the seven incoming mes- 
sages. Even so, they’re limited to 16 
seconds apiece. 

The company’s all-digital machines, 
which cost $190 ($240 with a built-in 
phone), were “intended to make a tech- 
nology statement,” says Lybeck. They 
appeal mainly to “telephiles,” as one 
marketer calls them, buyers who un- 
derstand the technology and are will- 
ing to pay extra for it. “Most people 
seem to have a conception that an an- 
swering machine is nothing more than 
a tape recorder connected to a phone,” 


| says Record-A-Call’s Ristow. “Nothing 
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could be further from the truth.” His] 


For all of us who ponder, “Why 

| didn't I think of that?” when 
we set eyes on a clever new 
invention, here’s the story of 
a man who did. 


By PHIL McCAFFERTY 


| ne day about two years 
ago, Joe Sorensen, a 
bearded young freelance 
artist from Lincoln, 
Neb., had a problem. 
“I was making a project that called 
i for gluing sheets of Lexan plastic to- 
gether,” he explained. “You know what 
happens when you screw a C-clamp 
down: The torque makes the sand- 
wiched parts skid out of alignment. 
I muttered under my breath, ‘Why 
hasn't somebody invented a clamp that 
can be operated with one hand so you 
have the other to hold the work?’” 
Now someone has: Joe Sorensen. 
With the help of a friend, he designed 
a bar clamp you can operate with the 
squeeze of a fist. Better yet, the pair 
| convinced a major toolmaker, Ameri- 
can Tool Companies, to produce the 
clamp. And the topper: Sorensen is 
now the company’s industrial designer. 
The clamp, called Quick-Grip, grew 
directly (and rapidly) out of Sorensen’s 
| hassle with the Lexan project. Think- 
ing maybe no one had invented such 
a thing, he contacted a tool-and-die- 
maker friend, Dwight Gatzemeyer. The 
pair sketched ideas, then proceeded to 
prototypes. 
i Next came a patent search. Incredi- 
bly, it seemed nobody had patented 
a device like theirs. So they packed 
up their samples and drawings and 
headed for American Tool Companies’ 
plant in nearby DeWitt, Neb. (where 
Vise-Grip pliers and other tools are 
made). Soon Sorensen and Gatzemeyer 
had made a deal with American Tool. 


No wonder the company was im- 
pressed. The clamp is an ingenious yet 
simple design. When you squeeze the 
trigger handle, the movable part of 
the clamp steps up the bar; when you 
release the trigger, two slotted-steel 
plates bind against the bar, locking the 
clamp in position. The photos and cap- 
tion give the details. 

The production clamp is made of 
tough, glass-reinforced nylon. The bar 
is black-oxidized, heat-treated steel. 
The clamp’s grip is impressive: It will 
force a 10-penny nail through a 2x4, 


The mechanism of the Quick- 

Grip bar clamp (above) can be seen 
when you pop off the logo plate, 
as at left: Two spring-loaded steel 
plates surround the bar; the front 
one extends to form the release 
lever (left of the operator’s hand). 
When no pressure is applied to the 
trigger handle or release lever, 

the clamp can be pushed closed. 
Though the release lever is wedged 
against the bar, the forward push 
counteracts the force of the spring 
that holds it there. For one-hand 
use (or final tightening), you squeeze 
the trigger handle. A camlike ac- 
tion causes the rear slotted plate 
(lower left) to bind against the bar. 
This tugs the bar back about '⁄4 
inch with each squeeze. To open 
the clamp, you pull back on the re- 
lease lever so that it is perpendicu- 
lar to the bar. 


for example. It comes in five sizes with 
6- to 36-inch openings; prices range 
from $21 to $34. 

Meanwhile, Sorensen started innun- 
dating American Tool with other ideas 
—on production details and new tool 
concepts. The company did the logical 
thing: It offered him a job. 

So in just two years Joe Sorensen 
went from inspiration to successful in- 
ventor, and from freelance artist to 
American Tool’s industrial designer. 
He and Gatzemeyer share in royalties 
from every Quick-Grip sold. 
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An attic 


for all seasons 


An innovative programmable air conditioner, an efficient 
gas-fired boiler, 10 inches of fiberglass insulation with spe- 
cial airflow vents above the ceiling. These and other new 
products help keep a third-floor family-room/study/bathroom 
addition comfortable no matter what the season. 


By TIMOTHY O. BAKKE 
Photos by John B. Carnett 


omfort should be a prime 

consideration in an attic 

renovation. Perhaps the 

most important factor con- 

tributing to that comfort 
is sufficient insulation. 

Traditionally refinished attics have 
been notorious for overheating in sum- 
mer and becoming bone-chilling in 
winter. I remember sweltering sum- 
mer days and cold winter nights in 
the attic-converted bedrooms of my 
youth. 

Today, by following new guidelines 
published by the U.S. Department of 
Energy, you can have cozy living at 
the top of your house. Just use the 
DOE-recommended amount of insula- 
tion—fiberglass, mineral wool, foam, 
or cellulose—to maintain a fairly even 
temperature spread and provide effi- 
cient heating and cooling backups. 

Take the attic of Bob and Vicki 
Enteen. “When we decided to convert 
our attic into four badly needed rooms 
—a family room, extra bath, study, 
and storage room—I contacted the 
DOE for its newly revised insulation 
recommendations,” Bob explained to 
me. “I wanted to make sure we could 
maintain a consistent temperature 
during both the heating and cooling 
seasons.” 

Enteen found that his New Jersey 
home was near a borderline zone 
where recommended ceiling values 
were R-38 or R-30. Local building au- 
thorities told him he had to insulate 
with unfaced fiberglass because of fire 
ordinances, but fiberglass would cut 
down headroom in the attic: Insulat- 
ing to R-38 would mean using 12 
inches of fiberglass; R-30 would use 
10 inches. Enteen settled for R-30 to 
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minimize intrusion into the attic’s 
headroom. 


Moisture control 


An important consideration with any 
insulation is preventing excess mois- 
ture, which can damage not only the 
insulation itself but a house’s framing 
members as well. There are two ways 
to control moisture: installing a vapor 
barrier on the warm side of insulation 
and providing adequate ventilation to 
prevent condensation. Bob lined the 
living space with 4-mil plastic sheet- 
ing as a vapor barrier. To provide ven- 
tilation, he used an ingenious product, 
airflow channels from Poly/Molding 
Corp. These expanded polystyrene 
vents are 12 inches wide with a shal- 
low U-shape. Stapled to the roof 
sheathing and running from the eaves 
to the collar beams that form the ceil- 
ing, the channels allow air to flow 
freely from the space above the flat ceil- 
ing through the eave vents. 

Although insulation improves the 
thermal integrity of a structure, you 
still need environmental controls to 
make a living space comfortable from 
season to season. For light and air, the 
Enteens installed large casement win- 
dows and two roof windows, all double- 
glazed. For extra comfort on hot days, 
the Enteens chose to use a 12,500-Btu 
air conditioner with an energy-saving 
programmable thermostat. A new con- 
densing gas-fired boiler provides base- 
board heat for the winter. Using a 
secondary heat exchanger to wring out 
extra heat from combustion gases, the 
boiler reduces flue-gas temperature 
and brings its efficiency to 88 percent. 

The Enteens paid close attention to 
the thermal performance of their ad- 


dition with the latest insulating and 
energy-saving products and technolo- 
gies. Now they finally have their fam- 
ily retreat, a place where they can 
relax, read, watch TV, study, or work 
in comfort year-round. 


MANUFACTURERS LIST 

The following manufacturers were selected for participation 
in this project: American Plywood Assn. (plywood), 7011 S. 
19th St., Tacoma WA 98411; Florida Tile, Tile Council of 
‘America (tile), Box 447, Lakeland FL 33802; Harden Indus- 
tries (bathroom faucets, handles), 13915 S. Main St., Los 
‘Angeles CA 90061; Hunter Fan Co. (air conditioner with pro- 
grammable thermostat), 2500 Frisco Ave., Memphis TN 
38114; Jacuzzi Whirlpool Bath (whirlpool tub), Drawer J, Wal- 
nut Creek CA 94596; Manville Corp. (insulation), 717 17th 
St., Denver CO 80202; Benjamin Moore and Co. (paint), 51 
Chestnut Ridge Rd., Montvale NJ 07645; Poly/Molding Corp. 
(airflow channels), Fourth Avenue, Haskell NJ 07420; St. 
Thomas Creations (lavatory, toilet), 9240 Trade Place, San 
Diego CA 92126; H.B. Smith Co. (gas boiler), Westfield MA 
01086; Thomas Industries (lighting fixtures), Box 35120, 
Louisville KY 40232; Tibbals Flooring Co. (wood floors), Box 
1001, Oneida TN 37841; United States Gypsum Co. (wall- 
board and related products, Durock tile backer board), 101 
S. Wacker Dr., Chicago IL 60606-4358; Velux-America Inc. 
(root windows), Box 3208, Greenwood SC 29648; Wenco 
(windows), Industrial Park, Mount Vernon OH 43050 


DRAWING BY EUGENE THOMPSON 


Cozy family room is 
handsome—angular sur- 
faces provide archi- 
tectural interest—and 
heavily insulated. Venting 
roof windows help pre- 
vent overheating in sum- 
mer; the supplemental 
air conditioner is large 
enough to handle the en- 
tire third-floor complex 
(left). Ample storage 
space is provided by 
knee-wall cabinets, 
where the TV and VCR 
are also concealed, and 
by a room built behind 
the bath. The bathroom 
(far left) is small but 
functional with a corner- 
hugging whirlpool tub 
and triangular shower. 
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Wordless Workshop 


By ROY DOTY 


EXPAND YOUR CAREER HORIZONS... 


ELECTRONICS 
EDUCATION 
OF 
TOMORROW 
TODAY 


The CIE Microprocessor Trainer helps you to learn how circuits with 
microprocessors function in computers. 


START WITH CIE. the har reply coupon o ard bao 


Cleveland Institute of Electronics, 


Microprocessor Technology. Satellite Communications. 1776 East 17th Street, Cleveland, Ohio 44114. 

Robotics. Wherever you want to go in electronics...  —————————— mm 

start first with CIE. APS-48 
Why CIE? Because we're the leader in teaching C ] E World Headquarters 


electronics through independent study. Consider this. 
We teach over 25,000 students from all over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 
electronics careers. 

We offer flexible training to meet your needs. 


| 
| Cleveland Institute of Electronics, Inc. 
| 
| 
| 
l 
t | 
You can start at the beginner level or, if you already | Address Apt. — 
| 
| 
| 
| 
| 
1 


1776 East 17th Street © Cleveland, Ohio 44114 


[O Please send your independent study catalog. 
For your convenience, CIE will try to have a representative 
contact you — there is no obligation. 


Print Name —_ = 


know something about electronics, you may want to 
start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 
Let us get you started today. Just call toll-free 
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in 


Ciy State Zp 


Age Area Code/Phone No. sma 

Check box for G.I. Bill bulletin on Educational Benefits 

O Veteran [C Active Duty MAIL TODAY! 

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105) 


Readers Talk Back 


Nuclear notes 


I find it incredible that you consider it 
“a pity” to shut down a novel high- 
temperature gas-cooled nuclear reac- 
tor—even if it is the world’s safest 
(“What’s News,” June]. Fission waste 
products have inherent safety and se- 
curity problems. And there are better 
alternatives, like solar energy and con- 
servation, to reduce carbon dioxide. 
The reactor’s $270-million cost over 14 
years speaks for itself. The real pity is 
that even with federal $1-trillion bud- 
gets, we can't rebuild slums, provide 
school lunches, and care for the hospi- 
talized. Until everyone has the neces- 
sities, it’s cruel to fund novelties. 
Irving Newman, Beltsville, Md. 


I disagree with the Sandia research- 
er’s statement that electric bills for nu- 
clear power doesn’t pay for storing 
spent radioactive fuel or decommis- 
sioning old plants (“New Life for Solar?” 
May]. Many states include an allow- 


ance for decommissioning in electric 
bills. And even if the cost of the fed- 
eral waste-disposal program paid by 
utilities, the Nuclear Waste Fund, 
doubles—from the current 0.1 cent per 
kilowatt-hour to 0.2 cent—the average 
cost of nuclear-generated electricity 
would rise just three percent. 

David Rossin, Los Altos Hills, Calif. 
(A former assistant secretary for nu- 
clear energy at the US. Department of 
Energy, Rossin is an independent con- 
sultant on energy.) 


Brain bender 


Only at the end of “Hypermedia” [May] 
did you ask: “How will users find their 
way through this jumble of informa- 
tion?” We should focus more on user 
requirements for hypermedia-based 
tasks, rather than on the capability of 
the machines. Herein lies the challenge 
for human-factors engineers and cog- 
nitive scientists who, like me, study 
how people process and assimilate com- 


plex information media—and apply 
this to system design. 

Michael G. Samet 

Integrated Systems Research Corp. 

Woodland Hills, Calif. 


Aluminum and Alzheimer’s 


The May “Science Newsfront” describes 
experiments with slurries of aluminum 
powder as rocket fuel. But the release 
of micro-particulate aluminum oxides 
into our atmosphere is potentially dan- 
gerous. Research increasingly impli- 
cates lifetime accumulation of ingested 
or inhaled aluminum as a component 
cause of Alzheimer’s disease. I would 
consign aluminum fuel to the Moon 
and forbid Earth use. 
Albert Sattin, M.D. 
Richard L. Roudebush V.A. and 
Indiana University Medical Centers 
Indianapolis, Ind. 


Address letters for this column to: Readers Talk Back, POPULAR 
Science, 2 Park Ave., New York, N.Y. 10016, We are unable 
to acknowledge unpublished letters, 


TO LIVE OR DIE? YOUR CHOICE! 


THE FATE OF YOUR 
CAR’S ENGINE IS IN 
YOUR HANDS. 


ENGINE WEAR 80% TO 90%. 
Studies have been done by the SAE con- 
cerning engine wear and even engine failures 
due to lack of lubrication during cold starts. 


These SAE studies indicate that up to 80% of 
engine wear occurs during a cold start. A recent 
test by McDonnell Douglas of Long Beach 
indicated that up to 90% of engine wear 
happens right after a cold start. 


FULLY GUARANTEED 
Patent No, 4,628,877 


ORDER YOURS BY PHONE OR MAIL 
(800) 323-5823 (619) 431-9314 
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RESEARCH BREAKTHROUGH 

Lubrication Research, Inc., of Carlsbad, Ca., has 
resolved the "oil starvation” problem by com- 
pletely pre-lubricating and pre-pressurizing the 
entire engine oiling system. Every crucial part 
of the engine is not only coated with oil, but those 
requiring pressurization (i.e., rod and main bear- 
ings, cam bearings, hydraulic lifters, and valve 
train parts, etc.) are under up to 50 p.s.i. of oil 
pressure before the engine ever moves. 


ELECTRONIC OIL PUMP 
LRI has done this with an ingenious electronic 


oil , capable of pumping up to 2.5 
oolp r minute. Hore o estnally uord 


iipossble toe etn punpa anh 
eoa hn Infact, Te-Luber can pump 
anything from air to 140W oil makin poss 
ble to pame baal afer an oi change 


INTRODUCING PRE-LUBER & 
TURBO-LUBER 
Backed by exhaustive research and develop- 
ment, the Pre-Luber and Turbo-Luber are 
built to last and come complete, ready to in- 
stall for es S900 1 SS Kesseh . Fully 
gaan . If nen comi eal 
ber or Tu 
oon sole unit Panin 30 days for a Paii 
refund. For people who intend to keep their 
cars for a long time, this is the ticket. 


eooo 
Lubrication Research, Inc. 
P.O. Box 3333-335 Encinitas, CA 92024 
Model. Engine size. 
O Visa- O MasterCard 


Signature. 

Please send me: 

— Brochure/Catalog $3.00 
—Pre-Luber @ $300 each Amt. 


——Turbo-Luber @$350each Amt,___ 
Plus $7.95 S&H. Cali. residents add 7% sales tax. 


Name. 


State___ Zip. 
Ad No. 098901 


ADVERTISEMENT 


NEW LAB TEST REVEALS: SLICK 50 CAN CUT ENGINE WEAR IN HALF! 


Save Gas, Save Engine with “POLY” 


The following introduces one of the 
most fully tested and credentialed gas 
saving, friction reducing engine treatments 
ever to reach the market! 

WHAT IS POLY? “Poly” is short for 
polytetrafluoroethylene (TFE). It is the slip- 
periest substance known to man. The 1988 
Guinness Book of World Records (pg. 182) 
says: “The lowest coefficient of static and 
dynamic friction of any solid is 0.02, in the 
case of Polytetrafluoroethylene - equivalent 
to wet ice on ice. It was first manufactured in 
quantity by E.l. duPont in 1943, and is mar- 
keted as Teflon'”." 

The PetroLon Corporation, makers of Slick 
50, have invented a way to permanently bind 
“Poly” to your engine with one treatment. All 
you do is add one quart of Slick 50 to your oil. 
By reducing engine friction, Slick 50 increases 
gas mileage and horsepower and it reduces 
engine wear, defraying costly overhauls. 


Slick 50's credentials are impressive. 


Just this year the premiere engine and 
lubricant testing lab in the U.S. tested Slick 
50. This EPAapproved|ab conducted a strictly 
controlled experiment using industry stan- 
dard ASTM procedures. They found that 
engines whose oil had been treated with Slick 
50 showed 52% - 57% less engine wear than 
engines whose oil had not been treated with 
Slick 50. We know of no other Poly treatment 
on the market that has passed a wear reduc- 
tion test conducted by an EPA approved lab 
using nationally accepted ASTM procedures. 
Watch out for those treatments that cannot 
back up their claims with such solid evidence. 

“Slick 50 does reduce engine heat and 
ordinary wear, and our informal tests indi- 
cate that it will improve gas mileage by 
about two or three miles per gallon...Slick 
50 does exactly what PetroLon claims it 
does.” Consumers Digest, (March/April 1982, p. 35) 

Researchers at a nationally respected 
research laboratory, after applying a power- 
ful ultrasonic cleaning process to a Slick 50 
treated engine part, were surprised at its per- 
manence. They stated, “We acctually expected 
the PetroLon Slick 50 “Poly” resin coating to 
also be removed, but later found it was still 
there.” 

The Federal Aviation Administration has 
fully accepted a similar product - Slick 50 
Aircraft Treatment (F.A.R. #33.49). 

TUV, a German testing laboratory with 
credentials every bit as prestigious as our 
Underwriters Laboratories, tested Slick 50 in 
1986. They found substantial increases in 
both gas mileage and horsepower. 

Atestdone at the San Diego State Univer- 
sity revealed that, “Slick 50 does increase 
horsepower and decreases fuel consumption 
in tests done at the university.” The Space 
Shuttle Columbia uses the chemical “Poly” 
inits gears and bearings because itis the only 
chemical lubricant which can withstand the 
heat and corrosive elements of space. 

Perhaps the most dramatic of all is a 
torture test overseen by the Automotive 


Services Council for Pennsylvania. This 
test was shown on television station WTVE. 
Three cars with between 75,000 and 129,000 
miles on them, were treated with Slick 50. Six 
months later the oil was drained from each 
vehicle and the cars were driven without the 
oil plugs for about half an hour. The water tem- 
perature never rose and the engines sus- 
tained no apparent damage. 

How do you give an engine a “Poly” 
‘treatment? Very simply! Add your FREE 
Bardahl flush and idle engine for 10 minutes. 
Then change oil and filter and substitute one 
quart of Slick 50 for the last quart of oil. (Add 
two quarts for engines with oil capacities of 
seven quarts or more.) 

Slick 50 gives a permanent coating so you 
need to treat your engine only once, and not 
each time you change your oil. Slick 50 is also 
excellent for turbocharged engines, alumi- 
num block engines and rotary engines. 

Slick 50 will work with all petroleum 
based oils and synthetics compatible with 
petroleum based oils. 

What are the benefits of Slick 50? Since 
there are many factors that influence an en- 
gine including the type of driving, tempera- 
ture, engine condition, oil change intervals, 
etc., the actual benefits in percentages will 
vary. However, by reducing friction, Slick 50 
does all of the following: Slick 50 increases 
gas mileage. Slick 50increases horsepower 
- small economy cars and large RV's really 
need this! Slick 50 makes for easier starting 
(importantin cold weather.) Slick 50 reduces 
operating temperatures, thus increasing the 
lubrication of your oil and the life of your 
engine. Since lubricating lead is being re- 
moved from gas, and unleaded gas is poor in 
lubricating qualities, this extra lubrication of 


Slick 50 on valve systems and guides is a 
real bonus. 

Last, but not least, the drastic reduction 
in engine wear can delay costly overhauls. 
These can often cost well over $1,000. Slick 
50 eliminates the “lubrication starvation” that 
all cars experience when you first start them, 
before the oil has a chance to circulate. Up to 
90% of engine wear can be caused by this 
starvation. You receive all these benefits for 
less than the cost of two tanks of gas ($39.95). 

Will Slick 50 harm my engine or affect 
my warranty? No! The base oil for Slick 50 
meets, or exceeds, every manufacturer's 
engine warranty requirements and carries an 
API service classification SG-CD. 

More Slick 50 products are available. 
These include Automatic and Manual Trans- 
mission treatments, Grease, Fuel Conditioner, 
and Power Boost. Free information sent on 
request. 


DOUBLE GUARANTEE! \ 
Guaranteed lowest price and guaran- ff 
teed satisfaction. If at the time of pur- W 
chase you have seen Slick 50 adver- $ 

jj tised in a current magazine at a lower [f 
price, we will beat that price by $2.00 a § 
\ quart and you will still get your free ff) 


engine flush. If you are not satisfied \h 
with our Slick 50, within 4 months, send 

jj us a note and proof of purchase for a 
fullrefund of purchase price. This makes f 
trying Slick 50 RISK FREE to you. We | 
have been in business for 10 years and $ 
intend to keep our customers happy. [ff 


Free Bardahl sent with each order. 
Free shipping with orders of 2 or more. 


DEALERSHIPS AVAILABLE 


Easy Toll-Free number. 

To order your own Slick 50 friction reducer 
and free Bardahl Flush, call toll free 1-800- 
227-5425. Or send to 


US AUTOIE 

US. ECH 
407 Del Rio 
O enclose $39.95 + $4 shipping for one qt. 


O Send me qts. of Slick 50 @ $39.95 ea. 
FREE shipping (2 or more) 


(Check [1C.0.0. CVISAMCDISCOVER 
Carat. Exp. 
Name 
Address 
(Give Sreet Aaeress 10r UPS Dever) 
City 
State, Zip. 
Teflon is a reg. trademark of Dupont. PS8 


CAR-CARE QUIZ 


This month’s auto-repair puzzlers: an overheating auto with a homeless spring, a distributor 
cap that keeps blowing its top, as well as a car that insists on going left. See if you can solve 
these perplexing problems. The answers follow. 


By STEVE MERCALDO 
Drawings by Russell von Sauers 


Problems 


4 Mystery spring 


My neighbor is a do-it-yourself auto 
mechanic who keeps the family cars 
in top-notch condition. One lazy Sun- 
day afternoon the phone rang. It was 
his wife, and from her tone, he knew 
it was trouble. She said she had been 
driving along the highway when steam 
began to pour from under the hood. She 
pointed the car toward the shoulder, 
braked the car, and shut off the ignition. 

His wife had waited in the car for 
the better part of an hour when a pass- 
ing motorist stopped and asked if he 
could lend a hand. Popping the hood 
open, the good Samaritan scanned the 
engine compartment and found a rup- 
tured upper radiator hose. He told her 
that he couldn't fix the hose, but that 
he could drive her to a telephone. 

After speaking to his wife, my neigh- 
bor jotted down the directions, filled a 
jug with water, grabbed a tool kit, and 
drove to the scene with the jug in the 
trunk. 

Peering under the hood, my neigh- 
bor saw that his wife’s helper had been 
correct: The upper radiator hose was 
torn. My neighbor patched the hole 
with electrical tape and filled the ra- 
diator with water. To prevent pressure 
buildup inside the radiator, he set the 
radiator cap in place, but left it loose. 
When he was certain that the system 
was holding water, he and his wife 
headed home in the two cars. 

When he returned from work the 
next day, my neighbor was greeted with 
a pleasant surprise. Lying next to the 
ailing car was a pile of used radiator 
hoses and clamps. Earlier that day his 
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son had removed the old hoses and in- 
stalled a new upper and lower radia- 
tor hose, heater hoses, and a bypass 
hose. The youth was pouring a fresh 
charge of antifreeze into the radiator. 
Once it was full, my neighbor started 
the engine and allowed it to warm up 
as his son topped off the system with 
water. As the engine idled, father and 
son inspected the cooling system. There 
were no leaks. 

While his son went inside to clean 
up, my neighbor spotted something odd 
as he discarded the old hoses. A shiny 
new coil spring was mixed in with the 
worn and dirty hose lengths. The spring 
measured about two inches in diame- 
ter and about 16 inches long. It didn’t 
look as if it had come from the engine. 
He wondered how the mystery part got 
into the refuse pile. 

When questioned about the spring, 
his son said that he had found it in 
the box of new hoses and clamps he’d 
purchased. He guessed that the auto 
parts clerk had mistakenly dropped the 
spring into the box. He was certain 
that the unexplained spring did not be- 
long in the cooling system because he 
hadn't taken an old spring out. 

For about a week the car worked 
well. Then my neighbor's car over- 
heated, and his wife was stranded 
again. 

When he opened the hood this time, 
he saw no signs of a leak. In fact the 
cooling system recovery tank was only 
a little short of coolant. His wife ex- 
plained what had happened: Within a 
few miles after getting onto the inter- 
state, the temperature gauge light on 
the instrument panel registered “hot.” 
To avoid a repetition of the last epi- 
sode, she immediately pulled to the 
side of the road and shut off the engine. 

Starting the engine, my neighbor 
watched the temperature indicator. 
When it failed to light up after 10 min- 
utes of idling, he decided to drive the 
car home. His wife followed. 


As he drove, my neighbor monitored 
the temperature indicator light. It re- 
mained dark at low speeds, but as soon 
as he began to accelerate, the light 
came on. Could the light be faulty? 
Maybe the thermostat is defective. Or 
perhaps the radiator is clogged? He 
was sure that the cooling system was 
not leaking fluid. He decelerated the 
auto and crawled back to the house. 

Rather than replace more parts, my 
neighbor did some trouble-shooting. He 
removed the thermostat and placed it 
in a pan of cold water. Then he put a 
thermometer in the pan and set it over 
a hot stove. Knowing that the thermo- 
stat was rated at 190 degrees F, he 
waited as the temperature rose. When 
the water temperature reached the 
rated temperature, he saw the ther- 
mostat valve open. After removing 
the thermostat to cool, the valve soon 
closed. My neighbor then moved on to 
the next possible cause, the radiator. 

The radiator’s exterior looked fine. 
Its fins were free of debris. Inspecting 
the interior of the radiator presented 
a problem, however. The exposed core 
tubes visible through the filler neck 
seemed clear, but it told him little 
about the tubes hidden inside. Rather 
than take a chance, he removed the ra- 
diator and brought it to a radiator shop 
for a boil-out job. 

Hoping that he had the problem 
solved after the radiator was rein- 
stalled, my neighbor tested the car once 
more on the road. Within a mile of 
reaching cruising speed, the instru- 
ment-panel temperature indicator lit 
up. He pulled the car over to the side 
and lifted the hood while listening to 
the familiar crackling sound of a hot 
engine. 

Flashlight in hand, he looked the en- 
gine over: The recovery tank was full, 
but the coolant was gurgling noisily. 
In addition, the electric cooling fan was 
spinning like a windmill in a storm. 

Continued 


When American Thunder rolls, 
the competition takes cover. 


~ That cloud you se set heh horizon isn’t a storm. It’s the dust kicked up 
by American’ cee oringik eating. it. When Mobil 1% 
T bil 1 Ee EAN TAS Chevrolet go desert racing, 
F | we go all out. With race-proven technology, drivers and 
equipment. Mobil 1’s engine protection under:extreme operating 
conditions makes it the only choice for CHEVY TRUCK 


the dust-choked wilds of the desert. 
BFGoodrich T/A Radials are designed to stand up to the boulders and bear 


down in pa silt beds. „And the heavy metal pickups that hold this all together 
are specially equipped Chevy 


BFGoodrich full-size and S-10 compact 

a 7A Radial; trucks. So ifyou want to 

5 ride with the winners, ride with 

“> Mobil 1, BFGoodrich T/A Radials 
and Chevy trucks. Because we HDRA /S&ORE 
know you'd rather make dust than eat it. 


Larry Ragland Frank Vessels 


Chevrolet, Chevy. the Chevrolet emblem and S-10 are registered trademarks of the GM Corp. ©1989 GM Corp. All Rights Reserved 


The Opportunity 
of a Lifetime: 


Looking for a profitable new business? Or a great buy on a new 
home? Then you are looking for LIFETIME HOMES by Tri-Steel! 


Starting your business is easy with: 
e Low capital investment 
© No inventory requirement 
Distributor training & support 
e Substantial discounts 
+ Financing assistance 
e Advertising support 
e Construction assistance 
+ Single & multi-family designs 
e Low maintenance/ high strength 
e Super energy efficiency (R-30) 


e Unique patented designs 

e Fast construction time 

e Wide selection of floor plans 

e Custom designs available 

+ One-story, two-story, tri-level 

e Easy do-it-yourself construction 


WEATHER STATION 


THE AMAZING WEATHER COMPUTER THAT 
YOU CAN HOLD IN THE PALM OF YOUR HAND. 
DIGITAR's new TWR-3 Micro Weather Station includes 
a computer, precision wind vane and speed sensor with 
mounting hardware, and 40 feet of cable. For only 
159.95. With the optional, automatic-emptying RG-3 


in ($49.95) you can even monitor rainfall! 
* WIND SPEED * RAINFALL (Optional) 
WIND DIRECTION * TIME OF DAY 
WIND CHILL * AUTO SCAN 
WIND GUST RECORD METRIC/STANDARD 
TEMPERA * NICAD READY 


AÀ TURE 
* HI/LOW TEMP RECORD * ONE YEAR WARRANTY 
‘Add $580 for shipping, plus sales tax for California deliveries 


DIGITAR 


MADE IN USA. 
ORDERS ONLY: 1-800-678-3669 

(7 a.m. ~ 5:30 pm. Pacific Time) 
PS889 


INFORMATION: 415-732-7814 FAX: 415-732-9188 
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TAKE ADVANTAGE OF THE 
HOTTEST IDEA IN HOME 
BUILDING. JOIN OUR WINNING 
TEAM TODAY ! 


DISTRIBUTORS WANTED 


Select territories now available with a 
low, 100% refundable investment. 


For a Free Packet & more 
information, call toll free: 


1-800-TRI-STEEL 


Fax #: (214) 550-0353 


1989, All Rights Reserved 


SINGERS! 


REMOVE VOCALS 
FROM RECORDS AND CDs! 


= 
SING WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds from standard 
stereo records! Record with your voice or perform live 
with the backgrounds. Used in Professional Performance 
yet connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
LT Sound - Not sold through dealers. Call or write for a 
Free Brochure and Demo Record. 
LT Sound, Dept.PS-3,7980 LT Parkway 
Lithonia, GA 30058 (404) 482-4724 
Manufactured and Sold old Exch LT Sound 
482-2485 


4 k k x PRESENTING 4 40 4 4 


CABLE TV 
EQUIPMENT 


4H 44 STARRING 4 4% 


AND OTHER FAMOUS MANUFACTURERS 


‘+ FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAIL/ WHOLESALE PRICES IN US 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 
FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 
TRIS", RESEDA BVD. DEPTI434 
RESEDA CA 9138 
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Car care quiz Continued 


After about 25 minutes the hot en- 
gine settled down, and my neighbor 
restarted the engine. While he was 
watching the instrument-panel tem- 
perature light, he let the car idle. Two 
minutes passed when the light began 
to glow red once more. He switched the 
ignition off and looked under the hood 
again. The coolant’s gurgling and the 
crackling of the hot engine continued. 

Once again he allowed the engine to 
cool off and then restarted the engine. 
This time he grasped the throttle under 
the hood and revved the engine. With- 
in a few moments the engine showed 
signs of overheating. At this point he 
knew he had a few seconds to search for 
the problem before the motor cooked. 
While maintaining the high speed, he 
noticed that the lower radiator hose 
had totally collapsed. As soon as he re- 
leased the throttle linkage, the hose 
popped back to its original shape. 

Why is the engine overheating at 
high speed? 


2 Pop-top distributor 


For several minutes the sound of the 
starter motor in your neighbor’s 1976 
AMC Hornet filters into your kitchen. 
It seems strange that she continues to 
crank the straight-six engine even 
though it won't turn over. You wait for 
the starter to burn up or for the bat- 
tery to go dead. The battery loses out. 

Minutes later your neighbor knocks 
at your door and asks you to start her 
car. She assures you that the problem 
is a simple one that can be remedied 
quickly. 

As soon as you pop the hood, the 
reason for the non-starting engine is 
obvious: Lying off to one side of the 
distributor is the distributor cap. The 
high-tension cable is still connected. 

When you point out the dislodged 
cap, she explains that twice a month 
the car refuses to start because the cap 
is off. With the cap reattached and the 
battery recharged, you fire up the en- 
gine. Your neighbor thanks you and 
drives away. 

During the next few weeks the sce- 
nario reoccurs. Tired of reinstalling 
the cap, you attempt a permanent fix. 
Armed with some hand tools and a re- 
pair manual, you begin with a visual 
inspection that reveals no cracks. You 
then attempt to jar the cap loose, but 
it doesn’t budge. Satisfied that the re- 
taining clips are holding the cap tight- 
ly, you look elsewhere. 

Thinking that a bent distributor 
shaft or a worn bushing is allowing the 
spinning rotor to knock the cap off, you 
remove the cap and get your neighbor 

Continued 
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the ultimate solution to 
rotary trimmer line problems 
@ No more trouble with trimmer 
line — never buy line again! 
© Easy to install on your 
gas trimmer. 
© Cuts through tough weeds, 


briars and grass. 
@ Keeps your rotary trimmer 
in business. 
TO ORDER CALL TODAY 


1-800-262-5122 


(Call for dealership inquiry) 


)VISA ( ) M/C # Exp. Date. 


(__) Check enclosed for $21.95 plus $3.00 postage and handling. 


Your Trimmer Make Model # 


Name Phone { 


Street 


City State Zip 


Send to: WEED WIZARD, INC., P.O. Box 275, Dahlonega, Georgia 30533 


2-stage pump. 
tem #1134 8 HP #6081 Sale $194.99 
Sale $699.99 1° HP #6010 Sale $239.99 


Shipping not incl. 
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LS ATRIPOD INTERNATIONAL CO. 


100W Output 
Waterproof 
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Get into your own business with NRI 


at-home training 


in Air Conditioning, 


Heating and Refrigeration. 


Now NRI’s home study 
course in Air Conditioning, 
Heating, and Refrigeration 
includes training in 
heat pumps and 
solar energy systems. 
Prepare yourself for a whole new 
career in one of the fastest growing fields 
around. As energy needs continue to grow 
and energy sources become scarcer, the 
demand for skilled technicians will soar. 
NRI can get you started in this opportunity 
area, and you learn at home in your spare 
time, tailoring your training to your need 
with a choice of NRI’s Basic or Master 
Courses. 


Includes Professional 
Vacuum Pump and Tools 
NRI training is practical training. 
Along with bite-size lessons in theory and 
practice, you get practical bench training. 
NRI’s Master Course includes professional 
tools. . .a system analyzer, leak detector, 


tubing and joint tools, and more. Plus 
demonstration units that graphically bring 
principles to life for easy understanding. 
You even get a top-quality vacuum pump 
for trouble shooting experiments and use 
on the job. 


MFI.. 


McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, Washington, DC 20008 
1H CHECK ONE FREE CATALOG ONLY 
C Air Conditioning, Heating 

& Refrigeration 
O Building Construction 
C Telephone Servicing 
C Locksmithing & Electronic Security 
C Small Engine Repair 


under Gi bil s V] 
We'll check for a 
ee = | Ce 
C Travel Careers 


C Computer Electronics 

C Electronic Music Technology 
C TV/Video/ Audio Servicing 
C Satellite Electronics 

C Communications Electronics 
C Bookkeeping and Accounting 


Optional 
Postgraduate Training at 
York Institute 

Graduates of the Master Course 
are eligible for a concentrated week of 
resident training at the famous York 
Institute at no extra charge for tuition or 
training materials. Here, you'll work on 
advanced industrial equipment under the 
guidance of expert instructors. Only NRI 
includes this opportunity. 


Send for Free Catalog, 
No Salesman Will Call 
Send the coupon today for NRI's free 

catalog showing all the equipment and 
describing the complete course. Over a 
million students have trained at home the 
NRI way. You can, too. If coupon has been 
removed, write to: NRI Schools, 4401 
Connecticut Avenue, NW, Washington, 
DC 20008. 
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C Appliance Servicing 
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O Paralegal 

CD Automotive Servicing 
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Car care quiz Continued 


to crank the engine. The shaft spins 
true in its slot. After she turns the en- 
gine off, you grasp the rotor and try to 
move the shaft from side to side. There's 
little sideways play. 

Then you follow the repair manual 
for fault-checking the distributor’s 
electronic-ignition components: 

The trigger wheel is fixed tightly to 
the shaft, and the pickup coil is fas- 
tened to the housing. The clearance be- 
tween the trigger wheel and the pickup 
is right on specification. 

Testing the timing isthe next logi- 
cal step, you decide. 

The repair manual says the ignition 
timing should be at five degrees be- 
fore top dead center (BTDC) at idle 
speed. At high rpm the timing should 
advance to between 35 and 37 degrees 
BTDC. 

After connecting a timing light and 
a tachometer to the engine, you set the 
idle speed to the timing rpm. With the 
vacuum-advance hose disconnected 
and plugged up, the timing is on-target 
at five degrees BTDC. You reattach the 
advance hose to the distributor and ac- 
celerate the engine to the test speed. 
At 2,200 rpm, the timing mark moves 
about 15 degrees BTDC. The book says 
that’s not enough. 

You figure that your next step is to 
remove the vacuum-advance unit hose 
to feel for suction at the hose end as 
your neighbor hits the gas. A strong 
vacuum sucks on your hand at the off- 
idle speed. Your neighbor maintains a 
fast idle while you quickly reconnect 
the hose. As the hose attaches, the en- 
gine speed remains constant. 

At this point you realize that you’ve 
exhausted your limited knowledge of 
the problem, so you kill the ignition, 
remove your tools, and close the hood. 
After washing up, you climb behind 
the wheel and start the engine. A small 
pop comes from under the hood, fol- 
lowed by the familiar sound of the 
starter. You climb out and open the 
hood. Sure enough, the troublesome 
distributor cap lies next to the body. 

Convinced that the cap is defective, 
you buy a new one and install it. For a 
week the car starts and runs fine. Then 
you hear the Hornet cranking away 
again and your neighbor soon shows 
up at your doorstep holding the dis- 
tributor cap. 

What could be causing the cap to 
pop off? 


3 Left-pulling car 


You're in the market for a used car. 
From the newspaper classifieds you 
find one that looks promising. “1985 
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PUBLIC NOTICE: 
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continued lines, Etc...) manufacturers & distributors 
L I Q U I D. A TE get STUCK with inventories that must be liquidated. 


AT HUGE DAMARK walks in, lays down cash, and takes the 


entire inventory. This is how we can offer you 

SAVINGS! products at UNBELIEVABLE SAVINGS! Just 
LOOK at the values below and order today - 
QUANTITIES ARE LIMITED! 


SUPER VHS-C 8x POWER 
ZOOM CAMCORDER 
with Hard Case 


+ Advanced control console. 
+ Keepsater Plus security system. 
+ When away from home, set exit 


and entry delay on selected entrances, a * 8x Power Zoom lens, variable 
(up to 40 seconds). 7 speed with macro function. 
Leave and return without sounding ii + Electronic viewfinder for instant 
alarm, +5 alarm modes. z playback. 
* Handheld remote control. . Spor a high resolution 
* Made in Hong Kong. 
+3 transmitters with é + Three position high speed 
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+ Easy installation—only a screwdriver * HO (High Quality) picture for ; ‘gh 
is needed! clean, clear recordings. HH HARA 
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“AC 110/220 voltage. $250 (or shipping & LANARK Gng or DAMARK PRICE 
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Make Up to $26.00 an Hour — even while learning! 


Be a LOCKSMITH 
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year in the fascinating business of Lock- 
Smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there’s 
only one Locksmith for every 17,000 people! 


COLLECT CASH PROFITS ALMOST AT ONCE! 
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connecting hardware—$1650. Complete pre- 
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New 40-page color catalog & more—$8. 
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right at home—we help 
you every step of the way. 
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With fully accredited Foley-Belsaw training. you can soon 
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vicing these engines. People will seek you out and pay 
you well to service their lawnmowers. tillers. edgers. 
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snowblowers.. the list is almost endless. 
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You don't need to be a ‘born mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
in your sparetime. Lessons are fully illustrated...s0 clear you 
can't go wrong, and with our famous ‘learn-by-doing’ method 
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Car-care quiz Continued 


Chevrolet Camaro, ps/pb/as/at, new 
tires, showroom condition, 58k...” The 
price seems right, so you decide to 
check it out. 

A visit to the owner reveals a car with 
an engine and body in super shape. The 
engine runs smoothly, doesn’t blow 
smoke, and sounds tight. On the road, 
the engine accelerates well, the trans- 
mission shifts without slipping, and the 
car is free of any unusual sounds. You 
do notice, however, that the car pulls 
to the left a bit when it’s driven on a 
level road. Confident that the pull does 
not constitute a major problem, you 
purchase the automobile. 

Several weeks later you see that the 
outer treads on the left front tire are 
worn. The other tires show normal wear. 
Concerned about the rapid and uneven 
tread wear, you decide to investigate. 

You begin by checking cold tire air 
pressure. Unevenly inflated tires can 
cause a car to pull to one side. When 
you check the left front tire with a 
gauge, the pressure is at the right level. 

Next you look to see if the left front 
tire is smaller in diameter than the 
one on the right. Comparing sidewall 
labels, you determine that all four ra- 
dial tires are the same brand and size. 

Maybe a tire belt has slipped and is 
causing the car to pull. To rule this 
out, you switch front tires and road test 
the car. It still pulls left. 

It seems possible that a dragging 
brake could be the culprit, so you turn 
your attention to the brake system. You 
jack up the car and support the frame 
on safety stands to provide more work- 
ing room. You pump the brake pedal 
several times and then manually spin 
each wheel. The fact that each wheel 
spins freely eliminates the possibility 
of a binding caliper or wheel cylinder. 
The free-spinning wheels also exclude 
the chance of a worn or unlubricated 
bearing. 

Just to be sure, you remove the wheels 
and inspect the brake system. The 
inspection reveals that the calipers 
and wheel cylinders are not leaking. 
Drums, rotors, pads, and shoes also 
check out OK. Then you test the park- 
ing brake. When engaged, the park- 
ing brake locks the rear wheels. When 
you pull the release handle, the wheels 
spin free. You then move on to the 
power-steering mechanism. 

With the car still supported on jack 
stands, you start the engine and turn 
the steering wheel to the straight- 
ahead position. You find that acceler- 
ating the engine does not cause the 
steering wheel to rotate. This means 
that the pull is not being caused by a 
faulty power-steering control valve. 
Now you wonder whether a worn or 
damaged front-end component is caus- 
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ing the car to veer over to the left. 

With the frame jacked up, you check 
for a loose ball joint or other suspen- 
sion part by grasping the left front 
wheel at the 12 and 6 o'clock positions 
and attempt to rock the wheel in and 
out. Everything feels tight. The right 
side checks out also. : 

On this car the front coil springs 
are positioned between the frame and 
lower control arms, as are the shock 
absorbers. A careful inspection reveals 
that the springs are unbroken and 
seated in their normal position on the 
frame and the lower control arms. The 
shocks are not loose and are free of 
leaks. On to trouble-shoot the next 
possible cause—steering linkage. 

An examination of the idle arm, pit- 
man arm, center link, and tie rods 
shows that the steering system com- 
ponents are in good shape. When you 
test them manually, you find no up-and- 
down looseness. Even the steering-gear 
mounting bolts are securely attached 
to the frame. 

Fearing improper alignment, you de- 
cide to take the car to a front-end spe- 
cialty shop and have the front wheels 
aligned. When you arrive at the shop, 
you tell your tale to the mechanic, not- 
ing that you've checked the front end, 
adding that a simple alignment should 
do the trick. You are taken back a bit 
when the mechanic begins by recheck- 
ing the suspension for wear, despite 
your warnings that he’s wasting his 
time. He checks for the proper curb 
height and continues by placing a jack 
under the lower control arm. Jack in 
place, he lifts the car. 

When he grabs the left front tire at 
the top and at the bottom and rocks it 
back and forth, you’re really surprised. 
You can see the wheel move in and out. 
The mechanic suggests you watch the 
lower left ball joint as he moves the 
wheel in and out vigorously. 


COLLAPSED LOWER HOSE 


It doesn’t take an expert to see that 
the ball joint is moving in and out more 
than a quarter of an inch. The remain- 
ing ball joints test out fine. The me- 
chanic explains that the worn ball joint 
must be replaced before an accurate 
alignment job can be performed. He 
guarantees that if you follow his ad- 
vice, the abnormal wear of the tire and 
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the leftward pull will be corrected. 

Puzzled, you assure him that when 
you checked the front end for wear, the 
lower left ball joint was snug. How did 
you miss spotting the loose ball joint? 


Solutions 


4 The unexplained coil spring that 
my neighbor found in the pile of used 
parts belongs inside the new lower ra- 
diator hose. Its function is to prevent 
the lower hose from collapsing inward 
under high suction. The reason his son 
did not recognize the homeless spring 
is because its counterpart in the old, 
worn lower hose was molded into the 
hose walls. 

Why does the lower hose need the 
spring’to prevent collapse? The inlet to 
the water pump is connected to the ra- 
diator by the lower hose. Coolant enter- 
ing the pump must first pass through 
the hose. At low speed, pump suction 
is minimal. At high speeds the pump 
impeller blades create a strong suction 
force in the lower radiator hose. With- 
out support from the spring, the hose 
collapses, blocks the coolant flow, and 
the engine overheats. 


2 A ruptured diaphragm in the dis- 
tributor vacuum-advance unit is caus- 
ing the cap to dislodge when the car is 
started. Fuel vapors from the intake 
manifold or carburetor are leaking 
through the diaphragm and collecting 
under the distributor cap. When the 
engine cranks, the high-tension spark 
that normally jumps from the rotor tip 
to the cap lug ignites the vapor. The 
resulting small explosion blows the cap 
off the distributor. Replacing the vac- 
uum-advance unit eliminates the re- 
curring problem. 

The clue: As the engine was accel- 
erated, ignition timing advanced only 
15 degrees BTDC. The manual speci- 
fied a maximum advance of between 
35 to 37 degrees BTDC. You felt a 
strong vacuum at the end of the va- 
cuum-advance hose. This eliminated 
the possibility that no vacuum was 
getting to the unit. And when the 
hose was connected to the unit, the 
engine revs remained constant. If a 


- vacuum-advance unit is working, en- 


gine speed will increase as the advance 
unit moves the distributor base plate 
and advances the spark timing. The 
15-degree change recorded as the speed 
increased was caused by the mechan- 
ical-advance weights. A further exam- 
ination of the advance unit with a 


hand-operated vacuum pump should 
verify whether a vacuum advance unit 
is faulty. 

Note: If the new vacuum-advance 
unit fails prematurely, replace it once 
more, but this time install a liquid- 
vapor separator in the vacuum hose. 
This aftermarket device will prevent 
fuel vapors from entering and de- 
stroying the new vacuum-advance- 
unit diaphragm. 


3 You missed the worn ball joint be- 
cause you supported the car’s suspen- 
sion improperly when you performed 
the front-end check. + 

Here’s how to jack up a vehicle prop- 


erly: When the coil spring is located 
between the lower control arm and the 
frame—as it is in this case—the jack 
or safety stand must be placed under 
the lower control arm close to the tire. 
This position unloads the ball joints 
and the upper control-arm bushings. 
That’s because the correctly placed 
jack compresses the spring against the 
frame and relieves the tension on the 
other parts. This technique also applies 
to vehicles that use a torsion bar in- 
stead of a coil spring. If the torsion bar 
connects to the lower control arm, jack 
under the control arm to unload the 
suspension, and then check for wear. 

If the coil spring is mounted between 
the frame and the upper control arm, 
jack and support the vehicle by the 
frame. Note: Some auto makers rec- 
ommend the use of a wedge to further 
relieve coil-spring tension (see draw- 
ing). Always check the repair manual 
for details before inspecting a front 
end. 

MacPherson-strut-type suspension 
systems should be jacked at the frame 
during front-end inspections to unload 
the components you're checking out. 

Once the car is properly supported, 
remember to grasp the tire at the top 
and bottom, and try to move the tire 
in and out to feel for side-to-side loose- 
ness. Then insert a pry bar under the 
wheel to check for up and down loose- 
ness. Always check the repair manual 
for the amount of free play that is per- 
mitted for a ball joint before condemn- 
ing it, however, because some ball joints 
are supposed to move a bit. [L] 
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Classified Opportunity Mart 


A 
Reach 4.3 million readers every month with an ad in Popular Sciences Exp., or Diners Club Account (give # & exp.) Advertisers using box 
Classified Opportunity Mart. October Issue Deadline (on sale Sep- number in ad must furnish name & street address for our records. 
tember 12) is July 24. Rates: $9.35 per word. Min. ad 10 words. Send order & remittance payable to POPULAR SCIENCE, Classified } 
Darker type (Bold) words $1.00 per word extra. Display Classified: Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5000. For 
$520 per inch. Payment with order, or charge your Visa, MC, Amer. advertising information call 800-445-2714. + 


Dorothy Ellis, Classified Advertising + 


CABLE TV 


DESCRAMBLERS 


JERROLD $105.00 
ITRIMODE $119.00 


COPY GUARD $59.95 


OAK M3SB$99.00 STARGATE... $99.00 


ZENITH $185.00 
IMANY MORE... CALL OR WRITE FOR 
FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH A 
FREE CATALOG FROM: 


ORDERS AND CATALOGS CALL 
TOLL FREE 
1-800-624-1150 

per) 


FOR INFORMATION PLEASE CALL 


(402)554-0417 


bY ORDERN CABLE TV EQUPMENT FROW LO. ELECTRONS THE PUA- 
CAER AGREED TO COMPLY WITH ALL STATE ANO FEDERAL LAN 

E CARON PANATE OWNER OF CABLE TV EQUPMENT,F YOU ARE 
LASE OF PEBE LAW OEC WT YOUL LOCA FF EAS. 


MISCELLANEOUS 
GOLD, Silver, Platinum containing scrap 


& Mercury. Free quo 
tion. PMŘSD: 1-800. 
Norwood, MA 02062. 


DO YOU HAVE A GOOD VOICE? 


& sample evalua- 
-1010, Box 191, 


CASSETTES 


tell how. Techniques, opportunities, examples! T 
hours on 2 cassettes: $30. ppd. lito. $3.00). 


iceOver 101 
645 N. Michigan Ave., Suite 440, Chicaga. IL 60611 


AUTO SUPPLIES & EQUIP. 


SEND CHECK OR 
MONEY ORDER TO 


FOURSQUARE ENTERPRISES 
BOX 1213. MAKATI 1299 
PHILIPPINES 


ALLOYED BRASS W 
INSULATED STAINLESS LEVER 


SLICK 50 FOR LESS. $31/BEAT ANY- 


ONE. ENERGY | AMSOIL. 1-800- 
537-7932 (CA (408)-28-SLICK). B&J SPE- 
CIALTIES, Box 7783, San Jose, CA 95150. 


SLICK 50, WE WILL BEAT ANY PRICE! 
U.S. AUTO-TECH, 1-800-227-5425. 
FREE CATALOGUE! 


MESSY jobs”? Tire flat”? In nice clothes”? 
KEEP CLEAN! COVERALL kit. Easy stor- 
d $14.95. PODD Enterprises PS8, 
West 169th, Gardena, CA 90247, sizes 


AEROJET WIPERS 
THE WIPER OF THE 


* GUARANTEED FOR LIFE, OR YOUR MONEY BACK 
$15.90 PAIR * ONE $7.95 
AEROJET WIPER CORP. 
P. O. BOX 2452 
Huntington Beach, CA 92648 
TOLL FREE 
1-800-423-6689 
IN CALIFORNIA: 714-848-5151 


VISA® M/C * AMEX * MONEY ORDERS: 
*NOCOD. 


HOVERCRAFT 
AERO-CAR Amazing Hovercraft built 


easily with ordinary tools, Lawnmower en- 
gine powered. Carries one man plus. Flies 
over land/snow water. Complete plans and 
booklet. $11.95. Aero-Projects, Box 5118PS, 
Clinton, NJ 08809. 


Documentary Film, " 
ered By Ordinary Lawn Mower Engine. 
Complete Plans and Supply Sources. $10.00 

Send To: Herb Bartlett, PO. Box 156, 
rdale,WA 98383 


Pla 
formation $4.00 (refun 
846, Monroe, WA 982° 


HOVERCRAFT Plans, Parts, Catalog 
$1.00, Universal Hovercraft, Box 281, Cor- 
dova, IL 61242. 


EMPLOYMENT INFORMATION 


EASY Work! Excellent Pay! Assemble 
products at home. For info. Call-504- 
641-8003 Ext. A-8068. 


GOVERNMENT JOBS $16,040 — 
$59,230/yr. Now Hiring. Call (1) 805- 
687-6000 Ext. R-20025 for current Federal 
list. 


to 160 Hp In- 
ble). Sevtec, Box 


OVERSEAS . . . $25,000 - $75,000+. Free 
Report! Employment, Box 19760-FT, Indi- 
anapolis, IN 46219. 

JOBS, Any State, Any Occupation, in- 
cluding Government, State, Public. Also 
Cruiseships, Tugs, Ships, Riverboats, Oil- 
rigs. Women-Men. Work month- Home 
month. U.S.A. plus Overseas. Information 
$5.00. Nationwide Employment, B223PS, 
Central, Indiana 47110. 


EARN MONEY Reading books! $30,000/ 
yr income potential. Details. (1) 805- 
687-6000 Ext, Y-20025. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, ea Mal repairing and reproduc- 
ing with our Mold Making Supplies. Cata- 
log $2.00. CASTOLITE, Dept. 89K/PS, Box 
391, Woodstock, IL 60098. 


CLASSIC CARS 


Pest OLD-C4p 
Q 


Hemmings & 
Motor News 


AINE GANT asstes 


Goh) 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 Ph side URST ING. adapter 
BATH! 


Box 27-PS, Tyrone, PA 16686 
81 2603 


Quantity discounts—12 units or more. 


MONEY MAKING OPP. 


Easy Work! Excellent Pay! Assemble 
products at home. Call-504-649-0670 Ext. 
6517. 


HIGH Profits T-Shirts Caps. Inexpensive, 
transfer machines, supplies, Press, P.O. 
Box 22809-LLD, Tampa, FL 33623. 


BUYING Boxtop, Coupons, Etc. $5.00 For 
List. Carol Dukes, Box 39, Frankford, Del- 
aware 19945. 


ENGINE OVERHAUL KITS: Wholesale 
Catalog$2.00. Engine Service Group, Dept. 
PS, Box 13053, Lansing, MI 48901. 


FEDERAL GOVERNMENT IS HIRING! 
Your area & all job categories $16,500- 
$62.000/yr. 1-805-565-1659 ext. GB1235 for 
immediate response. 


COLLECT $50,000! NOWI Write: Sam- 
uel, 905 West 46th, AUPS, Savannah, Geor- 
gia 31405-1767. 


START a SUPER BUSI- 
NESS from scratch. FREE Subscription to 


Opportunity Magazine tells how. Write Op- 
portunity, Dept. R44, 6 N. Michigan, Chi- 
cago, IL 60602. 


SAVE FORTUNE! Car insurance SE- 
CRETS your agent never told! GUARAN- 
TERE PRON deils Eagle, Box 357-PS8, 
Fairview, T! 


MAILING LISTS 


Adhesive Labels—Hot Line Opportunity 
Seekers, 200/$10.00; 500/$15. tye 10064] 


ID 83274. Visa/MC/AmEx. ' 1-800- 
992-3966. + 


es 
NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunity r 
Seekers. Adhesive lables. 200/$8; 500/$11; 
j: 2,000/$29: 5,000/$59. QUALITY 

fc 


USTS, Box 
VISA/MC/C 


FIRST ORDER “TRIPLED FREE"! Op: 
portunity seekers! Computerized, adhesive 
bels. 200/$8; 500/$14; 1,000/ 000) 
$39; 5,000/$75; 10,000/$139, Lis 
TERS, Box 750-WK, Wantagh, NY 11793. 

Visa/MC/COD call 800-356-8664. 


EARN bigger profits! New professional 
top of the line, computerized, full-feature 
guaranteed mailing lists $4.00 hundred, 
$30.00 thousand labels, Mailco, 1418 
Homan, Fort Worth, TX 76106-9055. + 


AUTOMOBILES 


ine Carburetor Triples MPG. Free 
information. H&A, R2PS, Bowling Green, 
MO 63334. 


1$ It True You Can Buy Jeeps for $44 
through the US. government? Get the facts 
today! Call 1-312-742-1142 Ext. 4606. 


SEIZED Vehicles from* 


GOVERNMENT 
$100. Fords, Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide, (1) 805-687-6000 4 
Ext. S-20025. 


INCREDIBLE BARGAINS! Buy Goverg- 
ment Seized/Surplus!. .. BMWs, Mercedgs, 
Porsches, Cadillacs, Lincolns, Boats, Trucks, 
Vans, Misc... from $100.00. Amaziı a 
corded message reveals details. (602) | 
721-2997 Ext. 3208. 


DRUG RAID 
Cheap. Mercede: i 
Trucks: Free Details: Seizures: Box 43 
YA, West Covina, CA 91791 


INCREDIBLE TEFLON CAR POLISH. 
Far superior ve conventional waxes! Guat- 


do: 


Car Care Imports, 2676 Fletcher Pkwy., 


Suite 408, El Cajon, CA 92020. HI 
"89 TO RECENVE 


SAVE INSURANCE $ 
Auto glass etching kit, Stop thieves and 
quality for insurance discounts, Pree brb- 

ure. Call or write Theft Avert, PO. 
8772, The Woodlands, TX 77387, 713- 
363-0727. 


BATTERIES, Automotive—Dead or Dy- 
ing!!! Double the Original Life With Amaz+ 
ing New Discovered Formula!!! Satisfaction 
Guaranteed!!! Only $9.95/120z.—Battey 
Klinik, Box 294-PS01, Iselin, NJ 08831 


ALTERNATOR/ GENERATOR Rebuilding 
Book. Price: Hedelund Engineering, Bgx 
26044, Las Vegas, NV 89196. 
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+ AUTOMOBILES ‘Con't) _ 


BUILD A BIKECAR 
The Amazing Mini Car You Can 
Bui with Bicycle Parts! 


SPORTRAN CO. 
PO. Box 70775. 
Endicott. NY 13760 


BUILD A PRELUDE RECUMBENT BIKE 
Adjustable Seat 


4 Smeri coos MSGR 


Stel or Alumi 

Handlebars & 
MORE Comfatabe ad tasteri 
Siep by Sig. Busted Ps! 


J. 
P.O. Bon 380 Feaserie, PA 19067 | 


AVIATION 


HOBBY! Ultral hight single 
seater Simplified construction fotoreyle 
Brochure $5.00. 


engine. POLYNOVA, Dey m 
PS, Saint-Remi, Quebec, Canada JOL 21 
Hovercraft Supplies. Plans, 


AIRBOATS—! 
Kits, Pro ilors, En ines. Catalog, $3.00. 
Sporiscrah, Box 640 , Meeker, Oklahoma 


Mans — tatiy anstacee 
Oniy #1495 
Helicopter Experimenter's 
Oy sings renencon 
EPEAT k | 
Both Books: Only $19.95! 


HOME CRAFTSMAN 

NEW! BUILD AMAZING LIQUID PIS- 
TON ENGINE from pipe fittings, Easy 
,, Plans. Free information. ABCO, 
’ Seminary, MS 39479, 

COMPLETE CLOCK KITS FROM $5.90! 
‘Music movements $1.95! Componen 
plans, epoxy, prints-over 800 clockmaking 
items. Wholesale catalog $3.00 (credited) 

Steebar, RO. Box Andover, 
NJ 07821-0463. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


max 
6 wheel drive ATV 


(21-years.old and over, Please) 


Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 

60 Depot Street, Buffalo, NY 14206 


ALTERNATE ENERGY 
POOL HEATER / HOUSE COOLE! 


le FREE HYDROGEN FUEL and Oxygen 
| Generator uses Water and Solar 

Plans and Kit $12.00. Prairie Power, Box 
b Edmonton, Alberta, T6H OLO, 


. Catalog 
Photovoltaics, 
Box 2773, Staunton, Virginia 24401 

100 UNCONVENTIONAL ENERGY 

HNOLOGIES! AMAZING DATA- 
} Base CaTALOG! $2: REXCO, BOX 1258, 

BERKELEY, CAL 94701 

FREE ENERGY! Fuel-less Motors and 
‘Generators! H&A, R2EPS, Bowling Green, 

[O 63334. 


SURPLUS 
$2.00 refundable. Appli 


WACUUM 25"Hg Readily available unli: 
inexpensive source $5.00. Future, 6213 
almview Ct, Tampa, FL 3 
teusion: Deuterium Oxide 99.8% D20 
$3.00zm. Shipping/handling $1.00 CA res. 
4 6.5% tax, Bay area 7.5% tax. Fusion Amer- 
ica, 1365 California St, San Francisco, CA 
94109, (415) 441-2420. 


ERGY, TESLA COILS, ANTIGRAVITY, 


UFO'S, PARANORMAL PHENOMENA. 
| »fidemation package—$5.00-HEER, PO. Box 
5286, aS, Springfield, VA 22150. 
SLOW—COOKER $179.95 Kit 
| pens 95. 4609 Seagrave, Joplin, MO 64804. 
lans $3.00. 


P.O. Box 30-4 
Riderwood, MD 21139 


ma fe es 


You Can Bull ior U for Under mA. 


Vertical Takeot! and Landing 
Mover Fg No Comoe Rourea 
FORMATION PACK soo 


Box 
RE BW ROTOR CO,INC. Towanda. KS 67144 


391-8 


BOATS, INBOARD/OUTBOARD 
MOTORS 
BOAT KITS—PLANS—PATTERNS— 
CHOOSE FROM HUGE SELECTION— 
8'/70' — Powerboats — Sailboats — 
Houseboats — Rowboats — Hydroplanes 
— Tunnelhulls — Duckboats — Canoes — 
Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00, airmail) Book “Amateur 
-CLARKCRAFT |í 


Boatbuilding” $6.00—1 
S Aqualane, Tonawanda NY 14150. 


_JBORN TO TRAVEL 


=È 
r 


ti 
HHR 


T 
wiae 
= 
=s 
i 
moas 
Sann Ta 
FOLBOT's: 
FREE COLOR CATALOG 
(1-900-533-5099 » wn 
foe TO? toe STORY was ruas 
Game S165” SANAN UNBAN 


—OTHER BRAN! 
+. All Sizes... 
dling. Scott McCulloch parts 
Marine, 610 Merrick Road, Lynbi 
York 11563. (516) 599-3003. 


ay New 


BOAT PLANS—PATTERNS—KITS— 
For Home Builders. Hundreds of Proven 


ii Sailboats e House- 
boats—Sportfishers—Quick apd simple 
Stitchenglu. Tremendous savings! 160- 

{BOOK $4.00 airmail ($3.00 slow 
GLEN 9122 Rosecrans, Box 1800 PS 
Bellflower, CA 90706 


ASTRONAUTICS 
SPACE/TIME CONTROL TECHNOL- 
OGY! AMAZING DATABASE CATALOG! 
SE RESCo BOX 1258, BERKELEY, CAL 


COMBUSTIONLESS ROCKET, 250 feet 
300 MPH, Make from common materials. 
Complete Plans $6.50 Catalog $1.00 (RE- 
FUNDABLE), HYDROFLITE, 6065 East 
Encanto, Mesa, AZ 85205. 


À BUILD YOUR OWN 
ROCKET MOTORS! 


* 40 POUNDS THRUST 
* FIFTY CENTS EACH! 
pale 


PICKS UP A WHISPER 50 FEET AWAY 
The mode! WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
‘every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz—130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl 

Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


26,800 CATALOGS listed. Sources For 
Anything! $5.95 Catalogs. Box 92452X, At- 
lanta, GA 30314. 


LASERS, from $40.00 write MWK In- 
dustries, 9852 W Katella, Suite 340PS, An- 
aheim, CA 92804 or call 714-956-8497. 


AMAZING 


SCIENTIFIC & ELECTRONIC 
PROD 


00 
0 
10.00 
. 100 
+ EMLI— Electro Magnet Coil Gun/Launcher ~ 8.00 
KITS wit al Necessary Pans 
IFT3K—FM Voice 59.50 
4950 
249.50 
44.50 
63.50 
REN 
5950 
+ STAIK—All New Space Age Active 
Plasma Saber 59.50 
+ PGSK— Plasma Lighting Giobe Kit 49.50 
+ SDSK—See in The Dark Viewer Kit 199.50 
ASSEMBLED With Al Necessary Instructions 
+ BTCIO—50 000 Vot-Wora's Smallest 
Tesla Coa 54 


+ LGU4O—IMW HeNe Visible Red Laser Gun. 249. 
+ TAT30—Auto Telephone Recording Device 
+ ITM10— 100.000 Volt 20° Affective Range 


Intimidator 99.50 

ST Sanopa Phone iy arene. 160.50 

IPGTO ine Pan ae 
4 


‘* Catalog Containing descriptions of above plus 
hundreds more availabe for $1.00 or included free 
with all above orders, 

Peace incude $3.00PH onal kis and products 

are postage paid. Ser 


INEORMATION UNLIMITED, 


Enek MOL VSA ME RUS 


Order from one expert source. America’s 
largest energy saving mail order house! 
$1.00 postpaid. Solar Components Cor- 
poration, Dept. PS, 121 Valley St., Man- 
chester, NH 03103. 


TELEPHONE LISTENING DEVICE 


For cataog of Transmaers. Voce Scrambers and 
‘er specaty tems, encose $2 0010 USI Corp 
ut 407-728-1000 or wd 919.96 481.00 


PSHE thabourne, FL 32902 COOOK. 


vat 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 
Do it yourset REFILL IT [CANON COPIERS 
ESSAS ey SAVEQVER 0% | LASER PAINTERS 


Campin ces 


INSTRUCTIONAL 
VIDEO TAPE 


SELF) TAUGHT 


S9 


START YOUR OWN BUSINESS 
Complete course, clearly written with photos and 
diagrams. 140 pages. Everything you need to know; 
where fo order wholesale materials, how to earn 
while you learn. How to set up your shop, 
Postpaid $44.00 (US) Visa okay. Write for details, 
NEON: Peter Horsley Publications 
115 Riverbirch Cres, SE, 
Calgary, AB Canada T2C 3M1 


SURVEILLANCE 
TELEPHONE 
This is a normal functioning 
telephone! EXCEPT it has a 
secret built in monitor. 
Oniy YOU can call and montor ali conversations, using 
a secret code, and never be detected! Range Unlimited 


$175.00 — 6 month Warranty — Phone Tap Catalog 53.00 
USTEN ELECTRONICS, 603 Eigin, M tum 
P 


1-800-633-TAF 


BUILD YOUR OWN SWINGSET. Com. 
lete Line of Accessories for Your Home 
roject. Free Brochure: Back Yard Cre- 
gions PO Box 426, Hubbardston, MA 


200 SUPPRESSED/DORMANT IN: 
VENTIONS! RARE INFORMATION DATA: 
BASE CATALOG! $2: REXCO, BOX 1258, 
BERKELEY, CAL 94701 


LLANCE-COUNTERSURVEIL- 
LANCE! Guaranteed Lowest Prices! Hu 

Catalog i $5.00 (Refuhdable). PROTECTO! 
Box 520294, Salt Lake City, UT 84152, 


DETECTION-Surveillance, Debugging. 
Plans, Kits, Assembled Devices. Latest 
High-Tech catalog $5. Detection Systems, 
2515 E. Thomas, #16-864A, Phoenix, Ari- 
zona 85016. 


MICRO FM TRANSMITTERS, books on 
building wireless and remote listening de- 
vices, night vision equipment. Catalog 
$2.00. EPŠILON CO., PO. Box 291513, Los 
Angeles, CA 90029. 


EXPLORE THE UNKNOWN! Psychic 
Test Kit, $3.00. Sterling Enterprises, Box 
1151, Clovis, NM 88102-115; 


QUARTZ CLOCK MOVEMENTS and 
wee ! Low Prices! Yankee Ingenuity, Box 
1138, Altus, OK 73522. 

791 CATALOGS Directory Guide. Be- 
low Wholesale Sources Por ‘Anything! $5.95 
= Box 14107AB, Jackson, MS 


Our Surplus Insu. 
GREEN- 


SAVE 
lated Glass Builds SUNI 
HOUSES, HOMES! Catalog $2.00. Artic 
Rt. 1-PS, Hammond, WI 54015, (715 
796-2292. 


aucusT 19691 99 


DO IT YOURSELF (Con't) 


CURVED GLASS—BENDS for China/ 
curio cabinets, also insulated units—send 
pattern for estimate, Amark Glass, 2291 

‘ast 28th Street, Brooklyn, NY 11229. 
Work guaranteed. 


POOL Owners—eliminate (forever) 
frustrating Vacuum setup routine. Start 
vacuuming in seconds, with dry hands. Il- 
lustrated changes_-$19.95. MG Corpora- 
tion, POB 281, Rocky Hill, CT 06067. 


REVERSE UTILITY METERS-PHONE 
PHREAKING - HACKING - UNUSUAL 
PUBLICATIONS! Catalog $1.00--Alterna- 
tives, Box 4P, Carthage, TX 75633-0004. 


‘SURVEILLANCE, Debugging, Protection 
Worlds largest new catalog—$5.00 Kits 
—Assembled—All price ranges. TECH- 
NOLOGY SERVICES, 829 Ginette Street, 
Gretna, LA 70056. 


ELECTRIC MOTOR. Complete K 
BUILD Your Own! Understand Electromag- 
netic Principles. $9.95. EduTech, P.O. Box 
5-72584, SLC, UT 84157. 


VOICE Disguisers! FM Bugs! Transmi 
ters! Phone Snoops! Bug Detectors! Mor 
Catalog $1.00: XANDI ELECTRONIC: 
Box 25647, Tempe AZ 85285-5647 


ATTENTION! HOMEOWNERS — 
TRADES — HANDYMEN BEAUTIFY 
HOMES SAVE TIME— INCREASE EARN- 
was. 10" Coving Made Simple! Send 
$10.95 + 2.50 P/H. To: Handyman, PO. Box 
7491, Toledo, OH 43615. 


BUILD A 72" CUT NONSCALPING, DE- 
‘HATCHING LAWNMOWER For less than 
$300 using your present rider. Send $15.00 
(refundable). For plans and instructions. 
Jordan Industries, 11637 Copas Road, Len- 
non, MI 48449. 


ARROWHEAD Making. VHS $29.95 S/H 
$3.50. Commons, Box 5012- Sentral 
Point, OR 9750 


AMAZING LIGHTING |, SPECIAL 
FECTS 1 Neon, Blacklights, Fiberoptics, 
100's UNUSUAL ELECTRONICS Free Cat- 
alog, QUANTUM LEAP UNLIMITED, 1214 
N. Lodi Pl. Suite 111, Los Angeles, CA 
90038. Phone 213 461-6451. 


GET ALL FREE OFFERS EASY! send $1 
B. Crowley, 2640 N. Castro, Tucson, AZ 
85705. 


NEW HE NE 
LASER TUBES $35 
Dealer Inquiries Invited. 
Free Catalog! 


MEREDITH INSTRUMENTS 
6403 N. 59th Ave. # Glendale, AZ 85301 » (602) 934-9387 
“The Source for Laser Surplus” * 


FOR THE HOME 


PROTECT YOUR HOME While On 
Vacation. How-To Booklet $3.00. Protect, 
119-A Morehead St., Morganton, NC 28655. 


BUY CARPET & VINYL DIRECT. 
Savings to 80%. Name Granite, Shipped Di- 
rect. FREE QUOTES/SAMPLES. JOHN- 
SON'S CARPETS, Dalton, GA 30720. 1 
(800) 235-1079; Georgia (404) 277-2775. 


(CHEMICAL CLEANS WATER SURFACE 
IN POOLS, SPAS, HOT TUBS, FOUN- 
‘TAINS. AQUASKIM " Water Surface Skim- 
mer (U.S. Pat. No. 4,451,379) pushes and 
compacts floating debris—dirt, insects, 
leaves, pollen, pet hair, and oil seum—for 
automatic or manual removal within min- 
utes. Leaves water surface crystal clear. 
Guaranteed. $10.95/bottle. Free brochure. 
IAMS, Inc., P.O. Box 06313, Ft. Myers, FL 
33906. 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
6IR Jane, NY 10014. (212) 929-2293. 


ENERGY SAVING 


STAY COOL THIS SUMMER—CHEAP! 
Unique, highly effective NEW methods 
lower electric and water bills dramatically. 
Stamped envelope. American Information 
Network, Box 99594, Troy, MI 48099. 


REDUCE COOLING COSTS up to 30% 
comprehensive guide shows you how $2.95 
moneyback guarantee. Josephs, PO Box 
8308, Turnersville, NJ 08012. 


SAVE 70% IN WATER AND ENERGY 
COSTS Revolutionary new shower head. 
Lifetime nonclogging guarantee. Delivers 
fully adjustable shower spray for full pul- 
sating or gentle soft massage shower. Uses 
only 2.5 gallons/minute. Satisfaction guar- 
anteed or money back. $19.95. $3.00 shi 
ping. Information brochure $1.00. J 

interprises. 387 Awakea Road, Kailua, Ha- 
waii 96734. 


REAL ESTATE 


ABANDONED PROPERTY! Information 
$1.00. Ridgehaven, P.O. Box 849-PS, Glen- 
ellen, CA 95442. 


CALIFORNIA. Acreage. Lots. $40 down. 
$40 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. 


“BUILD YOUR DREAM IN COLORADO’ 

Build your cabin from your own trees. 
Create a pond from Crystal Clear Water. 
Harness Solar Energy from over 300 days 
of unclouded sky. 35 Acres from $27,900. 
Low Down—Easy Terms. Free Brochure 
—Call Today 1-800-383-0583. Patten Land 
of Colorado Corp. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. Hundreds of parcels. Easy terms. 
FREE brochure. NATIONAL ASSOCIATED 
PROPERTIES, 1111-PC Sherman, Coeur 
d'Alene, ID 83814. (208) 664-8161 


FREEDOM COUNTRY 
20 BIG acres in WESTERN MONTANA, starting at $9850 
$500 down, $97/montn . Trout fishing, backpacking. 

camping Eh, deer, moose, bear. ADJACENT to Natoal 
Forests. near established towns. Yellowstone and Glacier 
National Parks nearby. GUARANTEED ACCESS, INSURED 
TITLE, WARRANTY DEED. FREE color brochure, photos, 
maps. FULL MONEY-BACK GUARANTEE 

CALL TOLL FREE 1-800-592-5990. 

TREASURE STATE RANCHES 

210 Miwaukee Street, Dept. PS 
Deer Lodge, Montana 59722 - (666) 846-1000. 


MONTANA 


Creeks and Wildlife. 20 QUALITY acres 
land up), close to Yellowstone Park, starting at 
$7,450. Easy Owner Financing Guaranteed Ac- 
, cess. Warranty Deed, Insured Title Free Brochure 

Rocky Mountain Timberlands 
333 Haggerty Lane @ Dept PS. P.O. Box 1153 
Bozeman. MT 59771-1153 @ (406) 586-8088 


Jll Free 


Call T 


MONTANA LAND 
NOTOOLS OR ASSEMBLY REQUIRED 
+ 20 Acres & up * Easy Financing 

Prices start at $12,900" 

You'll be proud to show your friends 
Call today 
1-800-252-5263 
Yellowstone Basin Properties 


TOOLS & MACHINERY 


COMPANY 
2100-7 Stun ROAD 


“SHARPENERS REPORT” Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG Company, 
Dept. PS8, PO 22559, Minneapolis, Mi 
55422. 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


Box 536-PS Hurricane, wv 25526 304-562-3538 
Unimet «Compact» Masimat » Myford + Sherline » Aas» Jer 


SPARE time fortune in Vinyl Repairs 
Huge demand creates exceptional profits. 
We supply everything. Details free. VIP, 
2036 Montrose, Chicago 60618. $ 


$1000's WEEKLY. Free information. 
Stamped envelope: Progress, Box 93248, 
Los Angeles, CA 90093. + 


$10,000 MONTHLY Taking Photo- 
‘graphs at Home! Call recorded message: 


(303) 674-8155. 
e 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


KITES 


rKITES 


I FREE COLOR CATALOG 
Choose trom over 100 kites. 
Many unusual & innovative designs 
Call or wate for your catalog today! 
| Into The Wind - (303) 449-5356 I 


1408-P Pear! St., Boulder, CO 80302 
= oe oo a 


BUSINESS OPPORTUNITIES 


$1.00 POUND From “Junked” Tires! 
end Stamp) LaVallees-286, Oxford, FL 
32684. 


$40,000 ON 1/3 ACRE! New hydro- 
nexpensive, pleasant, practical! 
ox 124, 


nics 
e information. Planter’s, 
Franklin, TN 37065-121 


CLIP NEWSPAPER ITEM: 
each. Free Details. Enterprise, Box 3128-%, 
Anaheim, CA 92803. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Freq 
Gold, POB 24986 (LLC), Tampa, 


IBM MONITORS REPAIR. Make $75Ę- 
$250K low initial investment required. In- 
formation $1.00 RANDALL, Box 216 
Van Nuys, CA 91404 


NEW! GROW EXPENSIVE PLANTS, 
SELL FOR 2,000% PROFIT. Free infor- 
mation. GROWBIZ, Box 306-S8, Seminary, 
MS 39479. Aen, 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-S, Hickory, NC 28603. 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from home, 
without capital. We ship plan for no risk 
examination. Experience unnecessary. Free 
Report. Mellinger, Dept, C2698, Woodland 
Hills, California 913 


BUMPER Sticker Printer. Cheap, Sim- 
ple, Portable. Free details Bumper, POB 
22791 LLC), Tampa, FL 33622. 


HUNDREDS weekly easily, Assemble 
PROVEN products. Spare Time. No Expe- 
rience, Free information, TEC, Box 22, 


NEED MONEY? Free Grants, Signature 
Loans, Business Loans. Write Action: #7-Y, Y 
Box 5499, Diamond Bar, CA 91765.  ¢ 


MAKE Rubber Stamps. Highly Profitable 
Business. Free Details. Stamper, POB% 
22809 (LLC), Tampa, FL 33622. 


$97,500 YEARLY “hidden” in your co- 
uter? Yes! (Free) report: Simpson, 771 WS, 
attle Ground, Washington 98604-0771. 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsl Box 1214, Franklin, TN 
37065-1214. 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
P.O. Box 5320, Sevierville TN 37864. 


ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial 
Box 3578-Y, Anaheim, CA 92803. 


$15,000 MONTHLY INCOME! Easy 
Moneymaking Plan. No Investment. Mc- 
Dowell Box 5529-Y, Diamond Bar, CA 
1765." 


SCREEN Print T-Shirts. Inexpensive 
kits. Free Details. “T-Printer.” POB 23991 
(LLC), Tampa, FL 33623. 


Let The Government Finance your 
new or existing small business. Grant? 
loans to $500,000 yearly. Free recorded 
message: 707-448-0270. (JG6) 


‘TAKE PICTURES for profit. Camera Ven- 
tures, Box 771, Lamara, CO 81 


CLIP newspaper items—up to $25.00 
gach! FREE details: Clippings/S, Box 
636109, Pompano, FL 33063. 


$200 - $500 weekly - AT HOMEN No 
cimmicks - Details FREEH Homeworkers-St 
x 636679, Margate, FL 33063. 


$25,000 LOANS INTEREST FREE! be-t 
cret Federal law WIPES OUT DEBTSI! De- 
tails FREEMN Moneywise-S, Box 636679, 
Margate, FL 33063. s 


ALUMINUM SCRAP— Recycle Yourself 
—MAKE UP TO $25.00/POUND! FREE 
Information: Industrial - PS98, Box 127, 
Alexandria Bay, New York, 13607. 


MAKE BALLOON ANIMALS. $400 
Weekends! FREE SAMPLES/INSTRUC- 
TIONS: Funnyman's—PS98, Box 250, Al- 
exandria Bay, NY 13607. 


$392.00 FROM Square Foot Plywood 
(Huge Demand), Revealing Proof $1.00 (Re- 
fundable), Woodwins, Bridgewater, Mass. 
02324-2299. 


TAKE Catalog Orders. We drop-ship 2955 
pest-sellifig specialty products. Lowest 
below wholesale prices. Immediate deliv- 
ery. cular home business opportunity. 
Free 
28-08, Chatsworth, CA 91311-4991. 


PIANO TUNING PAYS: Learn with ap- 

proved home study course. Diploma 

nted. American Tuning School, 17050 
'elfer Dr., Morgan Hill, CA 95037. 


a" METAL Cutting Lathe $114.25. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Suj 
Free Literature. Pyramid Product 
M, 3736 South 7th Avenue, Phoen; 
85041. 


‘SCWL Subliminal Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, Mad- 
ison Hgts., MI 48071. 


CONCRETE Block Machinery; Catalog 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 57702-3740. 


k. SMC, 9401 De Soto Ave., Dept. 


GET RICHI! Secret law smashes debts— 
brings cash credit! Details FREE Wealth- 
Kit-S, Box 4036, Pompano, FL 33063. 


DRUG RAID SEIZURES! Buy dirt cheap 
Cars, houses, boats, computers, furniture. 
Free Details: Seizure: Box 4309-YD West, 
Covina, CA 91791. 


MECHANICALLY inclined individuals 
desiring High Weekly Profits operatibg 
‘Small Manufacturing business Without Ya- 
vestment write: Businesses-P, C.S 9008, 
Baldwin N.Y. 11510-9008. 


EARNINGS Unlimited! Mail Our Bur- 
lar Alarm Advertisements From Home 

BM Merchandising Box 59314-PS Chi- 
cago, Ilinois 60659. 

‘$500.00 FROM ONE SACK CEMENT! 
Huge demand. Picture Proof $1.00 (Refund- 
able), BRINCO, Box 1092, Hesperia, QA 
9: 


GET PAID for mailing letters! Write: 
PAASE-PH2, 161 Lincolnway, North Au- 
rora, IL 60542. 4 


BE your own boss! 1001 fast, easy ways 
to make money! Free! Rush name, addres 
Money Making, Dept. PS, Box Z, Studio 
City, CA 91604 


$300 A DAYI Taking Phone Orders. Po- 
ple Call You. 304-776-5671 Ext. L49. 


100 | POPULAR SCIENCE 


. BUSINESS OPP. (Con't) 


BELIEVE IT OR NOT! 
‘MAKE the money that you only 

DREAMED of making! 

tomake YOU a FORTUNE! YOU can achieve 
(FINANCIAL INDEPENDENCE. FREE de- 

tails. Richways, Box 1001, Weston B, To- 

ronto, Ontario, M9L 2R8. 


$225 DAILY HROME PLATING” 
Auto Parts, Motorcycles, inexpensive, easy, 
» (Free) information: Chrome, Box 2285, 
Waldorf, Maryland 20604. 


2 HYDRAULIC JACK REPAIR MANUAL 
AND CATALOG $10.00. HYDRAULIC 
PARTS SUPPLY, BOX 4157, BROWNS- 
WILLE, TX 78523-4157. 


PUBLISH your own newsletter Big prof, 

- its. Airmail $1.—(refundable), SPI Special 

Publications Inc., Dept. A018, P.O. Box 14, 
,CH-8197 Rafe/Switzeriand. 


MAILORDER OPPORTUNITY: Set 
profitable home business without ex 
ce or capital. Information free. Mail 
* One Associates, Dept. 477, Montvale, NJ 
45. 


+ FINANCIAL FREEDOMI How to start 
most PROFITABLE business at home. 
GUARANTEED! Free details. Bobby Pub- 
lishing PS7, 600 Acron Grove Court, Tal- 

„lahassee, FL 32312. 


Let me show you how to make your Fortune 
ywith the idea that brought me mine. This is not 
get rich quick scheme, but a highly proven, 


Profitable way to get rich slow. Introd 
‘most successful idea of the 1990's gui 
to work for you, 


“PIANO TUNING ACADEMY, 281 Germa- 
nia, Alexandar, AR 72002, free information. 


rant x YOUR OWN PROFITABLE 
iT HOME. Over 7 Businesses 
Revealed Fi Free details. Guaranteed. Send 
SASE. K. C. Enea ae) Elizabeth 
Lk. Rd., Union Lk. MI 4 


$1804 MONTHLY! Buy And Sell Used 

Cars. Great Home Business! FREE PROOR, 

4 (erty a 507 Oak Drive, Friendswood, TX 
7546. 


GROW RICH! Start profitable home busi- 
Wess without investment or experience. 
Free details. MRT Associates, 3816 S. La- 
par Blvd., Suite 3711, Austin, TX 78704 
¥ READ BOOKS for pay! $100 a title. 


Write: PASE-GE2, 161 Lincolnway, North 
Aurora, IL 60542. 


EARN THOUSANDS —simple mailorder 
sne product—SASE for free info— 
tovall, Box 1631, Tucker, GA 30085-1631. 


$1000's WEEKLY, Free Informa- 
tion. Send Name and Address: J.A.P, 12544 
Linden Rd., Linden, MI 48451 


+ $25,000,000,000 available from US. 
insider refunds get this windfall cash. (619) 
280-5050 ext. 14C448. 


NEW 3-D CAMERA. Independent dis- 
stributorships available! Stunning 3-D pho- 
tos without needing viewer/glasses. 300 
4 Ipyood Dr. #105, Wheeling, IL 60090. 312) 
4448, 


IN 1,000'S WEEKLY. Work 
TIME. FREE information. HJ Enterprises, 
¥8114 Rimrock, Dept. 1A, Chino Hills, CA 
91709. 
FEAR Causes Huge Spending Frenzy You 
Need It Too! Enterprises, 1115 Fayette, 
icksburg, MS 39180. 


HOW MAILORDER FORTUNES 
For free details write: R. G. Miller, 
315 Hale Dr., Wabash, IN 46992 


MAKE SOMEONE HAPPY—you! 
arn the SECRETS of SEVEN BEST 
jome businesses. Free details. USA-P, 2601 
E. Victoria, Suite 399, Dominguez Hills, 
CA 90220, 


D 


SELL MONEY! Become a loan broker. 
* Free details. Financial Planning, Dey 
ment PS-216, 210 5th Avenue, Ñew York, 
» sete (718) 768-6803, extension 200 
4 hours). 


MONEYMAKER!! Proven mailorder pro- 
fen. Free report. KINDEL, 18 Toyon, 
anta Barbara, CA 93105. 


Mailorder Expert Reveals 
Money-Making Secrets. Exciting, Hour Cas- 
sette $1.00. Melvyn Powers, No. Hollywood, 
CA 91609. 


MAKE BIG MONEY REPAIRING WIND- 
SHIELDS AND glase! Up to $ Up to $75,000 
yearly! Call TO! FREE E USA & Canada: 
1-800-321-2597 for valuable demonstration 
video and FREE report. Glas-Weld Systems, 
Box 5755-C-8, Bend, OR 97708. 


‘START your own Successful Business at 
home. Seven, rofitable businesses revealed. 
Free details. DuMaine Publishing, PSC Box 
2865, APO NY, NY 09755. 


DOGS 


* Say 


since 
Eryn: Beare 2 ie i 
For: Family Bogs e Hunting Dogs + Stock D A * Show Dog $ Pi bens sAn sek 


TRUCK BODY PARTS AND ACCES- 
SORIES Listing of over 20 National suj 
pliers. Send $10.00 to: Box 23, S. Beloit, IL 
61080. 


22170. 


LEARN THE SECRETS OF CREAT 
WEALTH! SEND $12 TO 
TERI 


MAKE High Profit, Hot Sellin; 
Plates, Signs. VACUMAGIC, PO 
(LLC), Tampa, FL 33623. 


GET Rich! $20,000 Monthly Income 
Guaranteed, Secret Methods, Laws! Details: 
Murray, PS889, Box 1058, Huntington, NY 
1174 


SELL Streamers outside football stadi- 
ums. 150%. Mosley, Gainesboro, TN 38562. 


000 MONTHLY INCO! 
moneymaking plan. NO INVESTMENT. F; 
nancial, Box 1150-PS, Fort Washington, Pa. 
19034. 


Make $200 A Day 
$1,000 A Week! 


Your Own 
High Profit Business 


Chimney cleaning is in 
huge demand. Industry 
leader August West has 
launched most of the 
chimney sweeps in the 
U.S. Their equipment and 
system gets you up and 
running right away. 
Not a Franchise 
You keep all you earn 


Write for giant intro kit. 
Send $1 for postage to: 


License 
x 24986 


1 Easy 


Systems 

38 Austin St, Dept. 4389 
P.O. Box 658 
Worcester, MA 01601 


COMI EAL ESTATI 
PRAISER. $100,000 Plus Potential. Home 
Study, Free Literature. 800-223-4542 Dept. 

1 


EXTRA CASH! High profit home busi- 
nesses that work. PROVEN SUCCESS- 
FUL. Free details. M & I Enterprises, 37 
North St., Methuen, MA 01844. 


STARTING YOUR OWN SUCCESSFUL 
BUSINESS. FREE Subscription to Oppor- 
tunity Magazine tells how. Write Opportu- 
bee R43, 6 N. Michigan, Chicago, 

6060: 


UNLIMITED $$ IN EXPLOSIVE FIT- 
NESS INDUSTRY! FREE INFORMA- 
TION. PERSONAL DEVELOPMENT, BOX 
17744C PLANTATION, FL 33318. K800) 
552-1998. 


A science engineering breakthr 
fast. Small. Used from the palm of 


BUA cot Ol wise ton Sn taes ont oer oy Tera 
the hand. Near hypnotic control, ever No leash 


adi 
that teaches direct to the dog's 
simply don' fight it Tunes 


‘SIMPLIFIED Windshield Repair Kit. I 
expensive. Baxter's, 5685 Creel, Mariposa, 
CA 95338, 


WORK AT HOME 
Reliable companies want 


ou. Avoid 
Schemes. Directory tells all. Free details, 
send SASE or START NOW. $20.00 money 


order to D. French, P.O. Box 63074. Roch- 
ester, N.Y. 14623. 

INANCIAL FREEDOM. $1,000 to 
10,000 MONTHLY FREE Details/Guaran- 
teed. MCI, 1220 Greendale Road, Ander- 
son, Indiana 46011. 


BODY BUILDING 


MUSCLES 


How to Build A More 
POWERFUL BODY! 
How YOU can have: 
‘wiser Shoulders «Bigger Arms 
sPowerts Lose Fat 
Wass *Gain Weight 


FREE BOOKLET! 


| makes ed oyun. Sane inetoments and ayriom 
{th Or Miner patent) ‘lapensed by veterinarian ot low. thousands of satisfied Users, 
FROM $25 TO $175 4, K FREE CATALOG 
DOG-MASTER SYSTEMS [ebay Renaldo 
| a of Environmental Box 1260, Agoura Hills, CA 91301 
BUSINESS OPP. Cont) DOGS 


AMERICAN Water Spaniels (puppies) In- 
formation. Snapshots. BOVA ES, Plainfield, 
WI 54966, (715) 335-6984. 


LOANS BY MAIL 


FREE MONEY! $300,000,000 GIVE- 
AWAY. Grants, Never repay. Details $1.00. 
Jakla, Box 3066-PS89, Seminole, FL 34642. 


BORROW any amount! Get Visa/Master- 
Card! Instant reply! Sunrise, Box 42P, 
Bethpage, NY 11714-0042/(516) 349-164: 


IMMEDIATE Loans to deserving ind 
uals refused elsewhere. Many plans in i 
cluded. Try us! Associates P% 

Baldwin, NY 11510-9008, 


BORROW $500 to $200,000.00 Fast on 
Signature. Galbraithe, 25 Dongan Place, 
New York, NY 10040, 


$100,000 line credit without investi 
tion! Private Swiss bank account! Oti 
financial benefits! Free valuable report! 
NACC PS-8, Box 5399, Torrance, CA 90503. 


Unversal, Dept T. Box 6694 
Detroit, Michigan 48240 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
| Freebies! Information (stamp): DDN, Box 
| 20152.G, Ferndale, Michigan 48220. 
| 400,000 BARGAINS Below Whole- 

sale! ‘Many Free! Liquidations... 
| Closeouts! ” Job Lots Single Samples. 
| 
| 


Free details. Worldwide Bargainhunters. 
MI 49422. 


BETTER HEALTH 


AVOID BYPASS SURGERY! REVERSE 
ATHEROSCLEROSIS, HIGH CHOLES- 
TEROL. Write: Golden Health, 11700 East 
aera Suite 124, Wichita, Kansas 
67! 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
‘Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


BORROW $500-840,000! “Over- 
night” On Signature. Keep indefinitely! Ac- 
tion Box 5499-Y, Diamond Bar, CA 91765. 


$5,000 CREDIT! No credit check! Not 
Information. Actual credit! (813) 791-8550. 


BORROW $60,000 “Overnight”. Any pur- 
‘eep indefinitely! Free details! 
jox 1593-SP, Safety Har! 


BORROW $500-$100,000! “Immer 
” On signature. KEEP FOREVER! 
C eah Box 343, Tomball, TX 77375- 


BY MAIL Get $500-$75,000 
Quickly. Nearly everyone qualifies! Request 
Free application. MJS Industry, Box 531, 
Bronx, NY 10461-0531 


SIGNATURE Loans, C. 
tained quickly! Dominion, POB 357: 
Richmond, VA 23235. 

QUICK Loans, Credit Cards Issued Na- 


tionwide! Guaranteed! Empire, 1800 S. 
Robertson #931-M, Los Angeles, CA 90035, 


redit Cards ob- 
26-A, 


SUPER SAVINGS! Newest. Finest, All 
1 Buy DIRECT & save 

Se Suid by Ai MAR 

I TRIAL. FREE Catalog. Writ 


9530 Langdon Ave., 
A Sopuiveda, Cal. 91343 


WATER PURIFICATION 


IK PUREST Home Distill- 
Discount Prices! 800-874-9028. 
Box 45981, Center Hill, FL 


ers. 


WATERWISE, 
33514-0459. 
HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP Box 487, Anaheim. CA 92815. 

FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! Drawer PS400, Rui- 
doso, NM 88345. 


HAIR CARE 


MINOXIDIL. Grows Hair 4 Months. Box 
1213, Makati 1299, Philippines. 


BORROW $50,000 “FAST”. Any Pu 
Guaranteed. CAPITAL, Box 561359-PS, 
Charlotte, NC 28256. 


ISA/MASTERCARD. Limits to 
$5,000.00. No savings account required. 
Business loans to $500,000.00. Signature 
loans to $40,000.00. 1-904-642-7107 24 
hours. 


FREE $10,000 GRANT, BILLIONS 
PURPOSE REGARD. 


TION, 
PAY BACK. FREE DETAILS. 
280-5050 EXT. 200448. 


ARAB BUSINESSMEN have money to 
buy/invest. Top finder's fees paid. IMEA, 
889/PSI, Box 3574, Newport Beach, CA 
92663. (714) 722-9260. 


LOANS AND GRANTS TO $100,000, 
GUARANTEED. No Risk. Free Application. 
NEN, PO. Box 16237-PS, Des Moines, Iowa 
50316. 515-265-7635. 


BORROW $500-$40,000 BY MAIL 
ON SIGNATURE! ANY PURPOSE! NO 
COLLATERAL! REQUEST FREE INFOR- 
MATION AND APPLICATION: 
REPLY! SUNRISE COMPANY, 
7254(A), PHILDELPHIA, PA 


(619) 


‘AST 
BOX 
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LOANS BY MAIL (Con't) 
BORROW $100—$100,000! Fast! Confi- 
Seatiall Glendale, Bent 260279, Plano, TX 


BEEN REFUSED wisaneaavan- 


CARD? Need Cash?...New meth 
credit needed! ... MCA SEVEN, ihe che 
cago, IL 60655. 

REPAIR RATING!+ fill 


YOUR CREDIT 
ur bank account w/GASHI FREE details. 
IGS, Box 150826P, Lufkin, TX 75915. 


VISA! MASTERCARD! Despite Past 
Credit Experience! Apply Toll-Free: 1-800- 
888-8851, Extenstion 26. Issuer New Era 
Bank, Somerset, NJ. 


CABLE T.V. CONVERTERS Jerrold, 
Oak, Scientific Atlantic, Zenith, & mam 
others. “New” MTS stereo add-on: mute 
volume. Ideal for 400 & 450 owners! 1-800- 
826-7623. B&B INC, 4030 Beau-D-Rue 
Drive, Eagan, MN 55122. 


CABLE TV CONVERTERS 
Why Pay a High Monthly Fee? 


‘Jerrold, Oak, Hamiin, Scientific Atlanta, Zenith, and more! 
4 hrs, For fast serv 


ning hrs. also. (312) 698-1259. Stamped 
postage for FREE catalog. No. Il. ord 
L & L ELECTRONICS 
1430 Miner St, 


BORROW $500-$100,000. No one re- 
fused! Free application. 750 Johnson Hol- 
low, Jefferson, NC 2864( 


PayDay LOANS—Must have Checking 
Account. Call 1-800-445-0680, Missouri 
1-800-892-3006. 


MAGIC TRICK, PUZZLES 


maaic Tricks, Books, Puzzles, Jokes 
And More. 4 Catalogs. Over 2000 Items. 
Send $4.00. Refundable First Order. Wink- 


ler’s Wonders, 24 Doy! 


le Road, Dept. PS8-89, 
Oakdale, CT'06370. 


PROFESSIONAL MAGICI Huge Cata- 
log, over A000 Dos ote Books. $4.50. 


Hank Lee's Mi t. PS8, 125 
Lincoln Street, e ostor Mao 02111. 


JOKES & NOVELTIES 
FREE Catalog! Things you never knew 


! 1600 Novelties, Jokes, Science, 
Hobbies, Surprises. Johnson-Smith, F-03, 
Bradenton, 


34206-5500. 
STAMP COLLECTING 


PENNY Stamp Approvals. Regardless 
paialog Gu aa 4164 52nd St. San 


Diego, 
FREE! Surprise Collection With A} 
Box 750128, Petaluma, CA 94975. 


DIFFERENT Old U.S. Between 1861 
and 1939 i oy , Rouseh, Box 3734, Mans- 
field, OH 44: 


50 YEARS OLD FIFTEEN DIFFERENT 

United States, over fifty years old-25¢ with 

approvals. Jaxon, Box Cl H, New Rochelle, 
York 108 


FREE, US. ror Bit. provals. Hilde- 
and B Box 486' ta Che CA 95054. 


juest Countries, 
Hanford, CA 


DISCOUNT Stamps, 
Froe List. IVA, Box 197-B, 


AMAZING! 88 Big Colorful foreign 
stamps only 10¢. Approvals. Eric's, Box 
58) Lewiston, N’ 


TREASURE FINDERS/ 
METAL DETECTORS 


FIND Old Coins, Jewelry, Gold Nuggets, 
New Patented Revolutionary Device. Free 
Catalog. Gardiner Electronics, 3131L N. 
35th Ave., Suite K, Phoenix, AZ 85017. 


BURIED TREASUR 


sate from a LONG DISTANCE 
sth Ultra Sensitive DIRECTIONAL Locator 


‘SEND FOR 
FREE INFORMATIVE BROCHURE 


CABLE EQUIPMENT 
SECRETS - the outlaw pub- 


CABLE TV 
lication the cable companies tried to ban. 
HBO, Movie Channel, Showtime Descram- 
blers, Converters, etc. Suppliers list in- 
cluded. $8.95. Cable Facts, Box 711-PS, 
Pataskala, OH 43062. 


CABLE TV BOXES We sell only the best 
low prices, we sip COD ee) $2. p or aes 
‘Ace Products, 

Saco, ME 04072, (207) 3670728. 


Descrambler + Converters] 
FREE CATALOG 


aa RANS- WORLD CABLE co. 
th Ct., Suite 126) 
ba ig Forde 33186 
800-442. 


CABLE TV CONVERTERS BARGAIN 
HEADQUARTERS: OAK, JERROLD, 


TOCOM, ZENITH, HAMLIN, SCIENTIFIC 
ATLANTA. VISA M/C COD, ORDER 
YOURS TODAY. 415-584-1627. 
PREVENT OESCRAMBLER DETEC: 
TIONN Install “TECH-BLOCI oda! 
Door Video, P: 


$19.95 P.P.D. The Sta, 
Box 576, Burnsville, NC 28714. 


MICROWAVE TV RECEIVERS 
1.9 to 27 GHz 


VISA/MC/COD 


RENTAL MOVIE STABILIZER. 
between VCRs or to monitor. $69.95. 1-800- 
367-7909. 


SATELLITE TV 


DECODER: Build your own independent 

Videocipher II decoder and receive free Sat- 

gllite TV pictures. Simple instructions. 

Radio Shack parts list and circuit board, 

only $49.00 (US.) Send cheque or MO 

able to: C.A. Comeau, Box 1327, Halifax 
ida, B3K 5H: 


LNBs. Feeds. 61o 16 dishes & 
‘Names Like — 


INSTALL OR UPDATE YOURSELF! 
Catal M: Brand: 
cody. undersells WEST- Since 1977. 


Nobody undersells 
(800) 222-9064. 


VIDEOCIPHER SATELLITE DECODER 
(Complete Set) Audio & 
Video Parts list—much more! $14.95. The 
Stage Door Video, P.O. Box 576, Burnsville, 
NC 28714. 


VIDEOCIPHER Decoders. Catalog $4. 
Skywatch-PS, 238 Davenport, Toronto, Can- 
ADA, M5R1J6. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
tonewood, tools, varnishes, parts, accesso- 
ries, strings, cases, instruments, bows. Vi- 
olin, guitar kits. Catalog $1.00. Dept. MU, 
4026 W. Belvedere Ave., Baltimore, MD 
21215. 


SONGWRITERS 


POEMS-SONGS WANTED. Free Pub- 
eo Br Broadway Music, Box 
FL 33578. 


CB RADIO 


SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chemi- 
cals, equipment, books, experiments, 
DINOSAURS and charts! Most compre- 
hensive catalog offered by anyone in this 
column. Established 1970. $3.00(US) 
REFUNDABLE. Analytical Scientific, 
11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA. 


Catalogue 
mow Labora- 
lanitowoc, Wis- 


CHEMICALS - 

. established 1953 
, 1302 Washington, 
consin 54220. 


Chemistry, 
Biology, Physical & Earth Science, Nature, 
Dinosaurs and much more. Beginner to pro- 
fessional. $2.00. Merrell Scientific, 1665 
Èd., Rochester, NY 14624. 


CHEMICALS AND LAB EQUIPMENT. 
Chemicals, small or large quantities, for 
your convenience. Glassware, Scales, Mi- 
croscopes available. Send $5.00 for cata- 
logue. Chem Lab, 1060-C Ortega Way, 
Placentia, CA 


ANATOMICAL Products Catalog 240 
Pages $2.00, ACC, 8221 Kimball, Skokie, 
IL 60076. 


INIVERSITY DEGREES Without, 
classes! Accredited Bachelor's. Master's, 
Doctorates. Free Revealing Facts! Thorson- 
PS8, Box 470886, Tulsa, OK 74147. * 


College Tape External De 
Business/Public Administration Graduate, 
Undergraduate, LAW Financial Aid (800% 
759-0005 LA SALLE UNIVERSITY 


LEARN how to develop a powerful Will 
through systematic exercises. Elevation of 
memory and sense culture are included. + 
Postage and handling $16.50, NYS Psycho- 
logical Center, Box 128, Thompsonville, 
NY 12784. q 


MASTER ELECTRICIAN COURSE: Free 
Seran Lingle, Rt. 4, Box 291, Mor) 
ton, 9117, ied 


RADIETHESIA, “Science of the Future”! 
Qualify as a professional. Command large 
fees NOW from government, law enforce- 
ment, commerce, industry. E PEN-t 
DULUM "„—authenti 
$10.00 exclusively from Radiethesia Foug 
dation of America, Box 208, Delray Be: 
Florida 33447. 


cone” ERS ` 


st Software Library For 
pple IMBC Write Relient PO” Box 
34610, Sheungwan, Hongkong” 


Software $1.99 Per Disk Samy ple” 
Disk + Catalogue For $1. Star Data, 
Cobalt Way, ite 107, Sunnyvale, Ghe! 
94086. 


antridge Road; ‘Aringtome 1K 76016. 


RARE EARTH SUPER MAGNETS!! 
POWERFUL Inexpensive. Unusual Selec- 
tion. Send Sase: SANTA FE SCIENTIFIC, 
+P.O.B. 3797, Pojoaque, NM 87501. 


(CHEMICAL FORMULATION made e: 
$11.00 pane. Scientific, Box 805, Brig. 
m, 


EDUCATION & INSTRUCTION 


WORLD WIDE COLLEGE OF AUC- 
INC. Since 1933. Term Soon. 


Free Catal COL Gordon E. Taylor, Box 
949, Dept. 3 Mason City, [A 50401. 515/ 
423.5242. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free—book excerpt & 
catalog. Superlearning, 460-PS8 Seventh 
Avenue, N.Y.C. 10123. 


TERIPAPER ass 
available! 306-1 
Research, 11322 Idaho, #206KT Los An- 
les 90025. TOLL FREE HOTLINE: 800- 
51-0222 (California: 213-477-8226). 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
dence. BLACKSTONE SCHOOL OF Law: 


100 of legal training. Write for free 
catalog. PO, Box 790906, Dept. PS, Dal- 
las, TX 75379. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 
1-800-228-5600, or write: American School, 
Dept, #347850 E. 58th St., Chicago, IL 


HANDLE YOUR OWN LEGAL AFFAIRS. 
Be a Paralegal. Accredited Attorney In- 
struction. Home Study. FREE CATALOG. 
Southern Career Institute, Drawer 89PS- 
2158, Boca Raton, FL 33427. (407)368-2522 


FULLY APPROVED UNIVERSITY DE- 
(GREESI Economical home study for Bach- 
elor’s, Master’s, Ph. D., fully : 

California State Department of Education. 
Prestigious faculty counsels for indepen- 
dent study and life experience credits ( 
enrolled students, 400 faculty). Free in- 
formation—Richard Crews, M.D. (Har- 
vard), President, Columbia Pacific Univer- 
sity, Department 2R58, 1415 Third Street, 
San fael, CA 94901. Toll fr (800) 227- 
0119; California: (800) 552-5522; or (415) 
459-1650. 


JẸ 


IBM SOFTWARE 50¢071?—Huge Cata- 
Write: NewFax, Box 370, Woodace, CA 
1973-0370. 


FOR INVENTORS + 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 
GRADUATE ENGINEER 


YEARS OF E) NCE 
u.s a INTERNATIONAL} 


Less than 1 hr from 

US Patent Office 
CALL TOLL FREE 1-800-442-2728 | 
MICHAEL I. KROLL 
REGISTERED PATE! 


TEN 


PA 
171 STILLWELL LANE, SYOSSET, N' 


= 
PATENT IT ECONOMICALLY! Free dẹ- $ 

tails. Licensed since 1958. Rainer Associ- 

ates, 2008 Fondulac, Richmond, VA 23229. 


you patent and profit 
or write for your froeg 
ion package. Over a 


ice. AMERICAN Sorron. 
NON, 82 Broad Street, Da Ta Westfieli; ~ 
086. 


INVENTIONS MAR, 
KETED & Developed for U.S. Patenting by 
Former US PATENT OFFICE EXAMINER, 
Professional Patent Engineer 
INVENTION É 


Marketing 
Representative, Suité.3815PS Woolwot 
Building, New York, NY 10007. 


INVENTORS! Idea search being cow- 
ducted by DC based firm. Call AP, 1-800- 


458-0352. 
PATENT AND DEVELOP Your Taven, 


290-4343. 


FREE help for inventors! No ch: 
recording forms and evaluation. Affi Ael 
Inventors Foundations, 2132-1 Bijou, Colo- 
ado Springs, CO 80908, or Toll Free 1-80f 


102 | POPULAR SCIENCE 


and zip code 


SM "a e 
* Aiaia POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART p= 


WORD COUNT: Each word or initial in name and address must be 

Main St, counts as SEVEN words. PO. Box 3 counts as THREE words. City, standard 2-letter 
together count as TWO words. 

DEADLINE FOR ADS: See head of classified section. 
TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. 


TO: Classified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016. 


counted as a word: John 


E. Jones, 345 East 
state abbreviation 


ij 
l 
| 
| 
l 
| 
| 
S O Remittance of $ is enclosed to cover insertions(s} in the issue(s). | 
Fi C CHARGE to: Exp. Date | 
1 2 3 | 
5 g 7 3 | 
9 10 11 1 
PHONE I 
TAEAE Fee | 
I 
STATE. ap. | 
YOUR SIGNATURE. | 

(PLEASE PRINT OR TYPE COPY ®FOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) Ps 8/89 

FOR INVENTORS ‘Cont T COURSES. Write School of Deal with oldest, GARDENING 


-REGISTERED PATENT ATTORNEY. 
Kettlestrings, 414 Hungerford Drive, 


|Rockville, Maryland 20850. 1-800- 
1826216. 
NEED PROFESSIONAL ADVICE? The 
\Inyentors’ Reference Guide offers 200+ 
1801 Rose, Box 174P, 


urces. Free Details. 
idlebury, CT 06762. 


PATENT SEARCH/OPINION $150.00. 
‘Registered Patent Attorney. 1-800- 


NOBLE Invention Labora Edison 
Style Schooling and Financing Available. 
1-314-435-9290, 

INVENTORS: Free information on offer- 
ingyour invention for sale. Kessler Sales 
43420. 


ORIGINAL PATENT COPIES 
Perit ANA Camera Frisbee, Rilana: 
Monopoly, Revolver, $3.00 Each. 
100 0 Patents, Box S368A Santa Rosa, CA 


4 _ INVENTIONS WANTED 


‘yj aevenTonat Confused? Need help? 
y AIM for ia Tara n kit. LA, U 
and 


i 


r = M: Si 
!Frge Invention Certificates. MANUFAC. 


| TURERS REPRESENTATIVE, Suite 3815- 
bran oneni Building, New York, NY 


A NEW IDEA? Call National Idea Cen- 
ter of Washington D.C. free info—1-800- 


'7-6600' Ext. 117. Come see The Inven- 
forts! 


ventions, new products wanted! 
‘Presentation to industry/exhibition at 
national innovation expositon. 1-800- 
"288-IDEA. ISC-PS, 903 Liberty, Pittsburgh, 


how to offer your invention for 
sgle or license. Free booklet outlines pro- 
| ceduree, royalty rates, requirements. Kes- 

| ser Sele Sales Corporation, C-7-1W, Fremont, 
ji 


? OF INTEREST TO ALL 


PREDICT YOUR FUTURE. Learn 
less methods for a better life. Box Ta PSR 
Newbern, NC 28560. 


MESSIAH PROMISED LIFE TO THE 


lication. 


Interest Visa Card. Aj 
[si Box 20286, Bowling Grin; Y 42102. 


OCCUL 
Wicca, Box 1502-POC, Newbern, NC 28560. 
GOOD EATING 
RANDOLFS Biscuits and Gravy. Reci 


and Omelet Recipe. $3.00 ea. Sase. Kalis 
Gifts, PO. Box 3385, Ontario, CA 91761. 


25 HEALTHY: RECIPES. Send 
$300 00 Cash. Zuchini, 2.0. Box 2591, Glen- 


view, IL 600: 


UNIQUE TEXAS RECIPES. Send $3.00 
tcheck or M.O.) to: Dee Cap Inc., 2437 Bay 
Area Blvd. #203, Houston, Texas 77058. 


WINEMAKING 


WINEMAKERS - BEERMAKERS - Free 
Illustrated Catalog - Fast Service - Large 
Selection - Visa/Mastercard - (816) 254 
0242 - KRAUS, Box 7850-N, Independence, 
Missouri 64053. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


CARIBBEAN ADDRESS: Enjoy the ben- 
efits of ing your own offshore address 
for shelter ng income, making tax-free in- 
vestments, duty-free pacaan, ordering 
patent drugs not available in the U.S., va- 
cations, travel, jobs, retirement and more! 
Send $3.00 for information to: Island Hide- 
aways, P.O. Box 012151, Miami, FL 33101. 


INCORPORATE without Legal Fees! 
Free Booklet Tells How—Includes Forms 
—Call Now: (800) 345-CORP. 


GOV'T SURPLUS 


posal; Box 10r-FE Washington, DC 


DRUG RAID SEIZURES! Buy dirt cheap. 
Cars, houses, boats, computers, furniture. 
Free Details: Seizure: Box 4309-YG, West 
Covina, CA 91791. 


GOV'T auctions held everywhere, every- 
thing dirtcheap, call for auction location. 
(619) 280-5050 ext. 1544S. 


MAKE $100,000 as Department of De- 
fense registered bidder. FREE details. DKC, 
TON Chinalake, Suite 592-PSA, China- 
lake, Ridgecrest, CA 93555-2026. 
JEWELRY 
Jewelry. 55¢ dozen (Catalog 


CLOSEOUT. 
250), Roussel, 107- 1635 Dow, Arlington, 
MA 02174-7199. 


res sea) 00 in Postage, Cash/ 
jue to: T. James, 3 Moresby Avenue, 
Sdaford, 3198 Austra 


I 
NEED CREDIT? We ive you a $5,000 
‘grellit card regardless of credit history, 

| bankruptcy or credit problem! 98% guar- 

' anteed eligible. No bank deposit required. 


WATCH REPLICAS! Lowest. 
Warranty! 1SKT Golaplaied! Exact weight! 
(404) 963-3USA_ 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
tea Rings, Diamonds, Wat 
tinum. 


itches, Silver, 


cious Metals, tals, 10 S. Wa 


t. 1057, 
Chicago, 60603. Bee ne 


TAKE NO CHANCES. 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


SCRAP GOLD WANTED. Paying 75% of 
pure gold spot price for actual gold content 
of 10Kt., 12Kt., uke 18Kt., 24Kt. (.9995), 
and dental sold. Pror 


mpt payment, Ship US. 
Registered Mail oniy B. Ripley. P.O, Drawer 
790, Phoenix, AZ 85001. 


PERSONAL 


COLLEGE DEGREES, High School Di- 
pra Authentic looking. Free Catalog. 
jational Certificate, Dept. PS-137, 210 5t 
Avenue, New York 10010. (718) 768-6803 
Ext. 100 (24 Hours). 


HERBS—YOHIMBINE, PAU D'Arco, 
and others. Catalog $1.00 (refundable). 
Jude Herbs, Box 563PS, Huntington Sta- 
tion, NY 11746. 


AGENT WANTED 


SELL WHOLESALE Profits unlimited, 
Free details, Keever Assoc., 211 Merton, 
Hartland, WI 53029. 


ELECTRONICS, STEREO HI FI 


HIGHLY SENSITIVE, Ultra-small trans- 
mitters (bugs). Catalog $2.00. Cony elec- 
tronics Distributors, P.O. Box 4172, 
Springfield, IL 62708. 


STEPPER MOTOR drive & control with 
COMMODORE 64. Hardware, interface, 
& software. MASE, R.D. #2, Box 166, 
Mobrsville, PA 19541. 


PLANS & BLUEPRINTS 


ANTI GRAVITY GENERATOR Send $5.00 
$.a.se for plans to: Andre Sampson, 7306 
Liberty Rd., Baltimore, MD 21307. 


BOOKS & MAGAZINES 


Ne le phil sont d guidelir ii 

jew, simple phil and guidelines in 
Casino Gambling $3 sae ORDER TODAY! 
Jay Capers Ltd. lanzanita Avenue, 
Suite 6-333C, aiea CA 95608. 


SPORTING GOODS 


FAN'S CHOICE FOOTBALL have fun 
competing against other members using 
your skill choosing winners, losers, fantasy 
teams. Weekly and season cash prizes. For 
Fr lete information 1-900-234-5555 ext. 
1st minute 45¢ each additional min- 

uter to sign-up 1-702-387-6866. 


GIFTS 
REVOLUTIONARY! WATER WATCH. 
UNS on water, no batteries required. Hi- 


electromagnetic circuitry, LCD quartz 
accuracy, hatite wgling oe Lede ata 
Men. Only US $12.95 plus US $2.00. S&H. 
SouthWest Trading Company, 57 Ivan 
Street, Leamington, Ontario, Canada NSH 
1B4. Delivery 4 weeks. 


DELUXE SPRAY SET 


we Ss 


New set features 4 function nozzle 
& spray gun. Comes with a con- 
tainer that holds soap powder and 


Ti LaDel, P.O. Box 1244, Willow 
Grove, PA 19090. 


KNIFE MAKING 


SHARPENING Stone. Multipurpose 
Fine-Coarse Two Sided Stone For Sharp- 
ening All Knives, 8 x 2 x 1, $10.00Ea. Post- 
ed ‘Guaranteed 3 Week Delivery. A&R 

Liquidators, POB 749, Troucman; NC 


ANTIQ., RELICS, INDIAN GOODS 


FREE List to Serious Collectors, 30,000 
Indian Artifacts, rs, Pots. 50,000, Min- 
erals And Fossi ido Trading, Box 669, 
Murfreesboro, AR 71958. 


ARTS & CRAFTS 


NEON ART home study course. Earn 
while you learn, buy wholesale, start busi- 
ness. FREE DETAILS. Neon, 522 Myrtle, 
Dept. PS-1, Arlington, TX 76018. 

HOME REPAIRS & REMODEL. 


Nuwav Building. Make durable build- 
ing plastic easily. Waterproof, fireproof, 


attractive. Start s Lab- 
oratory. 2086-3075 Drive. Cearedge, CO 
81413-9628. 

RUBBER STAMP 


RUBBER STAMP KIT— Make your own! 
Simple to operate! Easy to change! Rolco 
lucts, Box 979, Peck Slip Station, NY, 

NY Os Kit + P/H $27.50 made in the 


Order “CUSTOM MADE 


RUBBER STAMPS 


UP TO 4 LINES only wn 2E 
(Max.30 letters per line) 


SATISFACTION GUARANTEED 
FAST SERVICE- Your Order Shipped in 5 days! 


QUALITY Stamp Mty. Box 35514-S. Tulsa, OK 74153 


WEARING APPAREL 


TESLA POWER T-Shirts, $9.00 send 
heck or m.o., Size, to: 1505 Lewis O Gray 
Dr, Saugus, MA 01906. 


Nopredit check. Free details. 304-77 
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Product Information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


801 Anatomical Products The Anatomical 
Chart Co.'s 240-page brochure contains the 
world’s largest collection of innovative and ed- 
ucational products on health, anatomy, and 
science-related topics. $1 


802 High-Tech Newsletter Join professors, 
engineers, and other professionals with the 
Casiolink, Casio's high-tech newsletter. The lat- 
est developments in electronic products are 
discussed, and useful applications from news- 
letter readers are shared. $2 


803 Telescopes Explore the universe with 
Celestron telescopes. Premium-quality optics 
are available for everyone—from beginners to 
advanced researchers. This 28-page color bro- 
chure has complete specifications. $1 


804 Personal-ComputerTips In its detailed 
color brochure, CompuServ describes how to 
obtain access to America’s largest information 
service. Its data banks include an encyclope- 
dia, news wires, and financial information. Free 


805 Auto Detailing The “Owning Your Own 
Custom Automobile Grooming & Detailing Busi- 
ness” brochure from Custom Car Care Publi- 
cations provides extensive how-to information 
on establishing your own auto-detailing busi- 
ness. The brochure also includes an illustrated 
product-catalog section. $8 


806 Hobbyist Catalog Edmund Scientific’s 
80-page catalog for would-be inventors of all 
ages contains over 1,200 science fantasies, 
including high-tech toys, science-fair projects, 
telescopes, magnets, weather instruments, op- 
tics, microscopes, and more. Free 


807 Fishing Boats The Fisher line of alu- 
minum fishing boats from Mercury Powerboat 
are completely rigged and ready to go, includ- 
ing trailers. All are powered by dependable Mar- 
iner outboards for the finest fishing systems 
on the water. Free 
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808 One-Story Homes A collection of house 
designs under 2,000 square feet is available 
from Home Planners. Included are plans for 
restricted and moderate budgets in both tra- 
ditional and contemporary styles. Blueprints 
are also available. $4.95 


809 Wood Finishing This revised edition of 
Minwax's 30-page guide offers time-saving tips 
and easy how-to instructions. Learn how to 
beautify and protect new wood and restore 
older wood to its original beauty. Free 


810 SpaceArt A full-color 16-page catalog 
from Novagraphics offers a gallery of prints, 
posters, and cards by the world’s top space 
artists, including Robert McCall, Alan Bean, 
and Kim Poor. $1 


811 Whirlpool Baths A color brochure from 
Paradise describes its extensive line of luxury 
baths. The baths are easy to install and fea- 
ture extra-thrust jets and generous dimensions. 
Free 


812 Cedar The “Timeless Beauty” brochure 
from the Red Cedar Shingle and Handsplit 
Shake Bureau contains illustrations and de- 
scriptions of various residences constructed 
from cedar shakes and shingles. It also in- 
cludes sections on remodeling your current 
home and building a vacation home. $1 


813 All-Purpose Trimmer A full-color one- 
page information sheet describes the RedMax 
Reciprocator, a multipurpose trimming unit that 
can be used as a trimmer/brush cutter, edger, 
branch clipper, and pruner. In-use color pho- 
tos and complete specs are also included on 
the sheet. Free 


814 Concrete Cleaner A brochure from Sak- 
rete Concrete Products features Fade, a remark- 
able concrete cleaner that dissolves unsightly 
grease and oil stains. Fade penetrates the con- 
crete surface for deep cleaning. You simply 
scrub away the stains then rinse to improve 
the appearance of your concrete. 50¢ 
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companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 % 
handling fee. For your safety, please do not send cash. 


815 Solar Power Solar Electric's 80-page 
catalog features the latest technology in solar 
cells and products for your RV, boat, or home. 
The do-it-yourselfer will find everything from 
solar radios to energy-efficient pumps and mo- 
tors. $4.50 


816 Move Like A Pro U-Haul International 
offers a pocket-size brochure entitled “Select 
A Hitch Guide,” designed to make towing eas- 
ier. The guide charts hitch types, hitch classes, 
trailers, and tow vehicles. It will help you se- 
lect the appropriate hitch and class, depend- 
ing upon your vehicle and what you plan to 
tow with it. Free 


817 Wood Finishing The color guide from 
United Gilsonite Labs offers tips on wood 
finishing, refinishing, and special stain effects. 
The guide provides how-to information for all 
phases of the wood-finishing process—from 
removing old paint to choosing and applying 
new stains and protective finishes. Free 


818 Gas Savers U.S. Auto-Tech's catalog 
features innovative products designed to save 
gas, increase engine and car life, and main- 
tain high-performance motoring. Featured are 
the famous Slick 50 and Bardahl products. 
Free 


819 Retaining Walls A full-color brochure 
from Versa-Lok describes its Retaining Wall 
System. Versa-Lok provides a beautiful and 
economical way to build a curved, straight, or 
stepped wall. No mortar or footings are re- 
quired. Free 


820 Virginia Vacation The Virginia Division 
of Tourism offers a 120-page guide describ- 
ing the state's various attractions. From ma- 
jestic mountain regions to bustling urban 
areas and glistening sandy beaches, Virginia 
is a unique, exciting destination with an un- 
surpassed selection of historic and recreational 
attractions. Free 
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The challenge was to create a car worthy of Itall adds up toan automobile that’s impressive 


wearing the Thunderbird wings. The result is even by Thunderbird standards. The 1989 
the most aerodynamic Thunderbird ever. And a Ford Thunderbird. 
+ car with performance to match its looks. Transferable 6-Year/60,000-Mile 
A responsive 3.8 liter V-6 engine with Powertrain Warranty 
ą sequential electronic fuel-injection is standard. Covers you and future owners, with no trans- 
So is an independent rear suspension. And fer cost, on major powertrain components for 6 
there's even the option of four-wheel-disc years/60,000 miles. Restrictions and deductible 
L anti-lock brakes. i apply. Ask to see this limited warranty at your 
oo Inside, Thunderbird achieves a new level of Ford Dealer. 


comfort and convenience with increased room 
for five adults and a long list of standard features, 


including air conditioning, power windows and d h dı bi d 
an electronic AM/FM stereo. For T un er Ir 
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` There's never been a car like Thunderbird. 
. And there’s never been a Thunderbird like this. 


. 


For those who 
want more 
glossy photos 
inourads. 


